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Art. XXV.—On the Variability of Personal Equation in 
Transit Observations; by Witt1aM A. Rogers, Director of 
Alfred University Observatory. 


THE personal equation of an observer is the interval of time 
which habitually intervenes between the actual and the ob- 
served transit of a star over a given thread of the transit in- 
strument. This may be termed the absolute personal equation, 

The relative personal equation of two observers is the inter- 
val of time by which one habitually observes a transit either 
earlier or later than the other ; or, it is the difference between 
their absolute equations. 

It is well known that personal equation is one of the most 
uncertain elements in chronographic determinations of longi- 
tude. It has been the custom, at least in this country, in ob- 
servations for longitude, to assume that the value of this func- 
tion of the time remains unchanged during the entire series, 
even though the comparisons tor the determination of this ele- 
ment were delayed for several weeks. Now if the personal equa- 
tion of the observers is not a constant quantity, if it can be 
shown that from any cause it varies from week to week, from 
day to day, and even from hour to hour, between limits nearly 
as large as the usual value of the function itself, it will be evi- 
dent that some uncertainty yet remains in the accepted values 
of longitude, especially since in almost every instance, the obser- 
vations for longitude and personal equation have been separa- 
ted by a considerable interval of time. The investigation of the 
variability of personal equation is, therefore, not an idle inquiry. 
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The results on which this discussion is founded depend upon 
about 8,000 observations of artificial stars. In the present 
instance, the artificial stars were made of paper and centered 
upon fine steel wires placed in a vertical position. Now it is 
evident that if the wire to which the star is attached, could be 
made to pass a stationary vertical wire with a uniform motion, 
and if the exact time of opposition could be automatically re- 
corded, we should have a standard with which the observed 
time of passage could be compared. The following device was 
employed to accomplish this object. 


Let QQ’ in the figure represent the cylinder of a Bond chro- 
nograph. At one end of the cylinder and attached to the table 
upon which the chronograph rests, is placed a wire frame work 
ABCDEF, in such a position that the vertical face BCDE 
shall be parallel with the plane of the end of the cylinder and 
in close proximity to it. ee’, oo’ are two vertical threads of fine 


wire. aa’, bb’, cc’, are fine steel wires placed vertically at the 
circumference of the base Q. Upon these wires are centered the 
stars ss’ 8’. 77’ is a wire insulated with respect to the frame 
work at 7 and 7’ but in contact with it at z To the end of 
this wire is attached a fine needle 7” 7” projecting beyond the 
plane of the wires on the cylinder just far enough to come in 
contact with them as they revolve. The wires ww’ run to a 
battery after passing through a coil (not represented in the 
figure) with which the pen p p’ is connected. 

As the cylinder revolves, the instant 6 b' arrives opposite ee’ 
it breaks the connection at z and the circuit continues broken till 
the needle springs back upon ee’. During this interval a spring 
attached to pp’ moves it horizontally, making a break at m. 
The beginning of the break is the instant of opposition. At an- 
other revolution another break is made at m’, and we thus have 
the instant of opposition automatically recorded upon the line 
mm", Suppose an observer standing at X with a break-circuit 
key, to observe through a small telescope, the instant of: con- 
junction between the fixed wire 0 o’ and the movable one 00’. 
By breaking the circuit at that instant, a break is made at n, 
depending only on the judgment of the observer. Now, if the 
measured interval between the two fixed wires ee’ and 00’ is 
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equal to the interval between m and n, expressed in the same 
unit, there is no absolute personal equation. If mn is less 
than z2' the observation is too early, if greater, it is too late, 
in either case by the difference between 22' and mn. 

In order to find the common unit of measurement, the gal- 
vanic connection is made through the clock ; then every alter- 
nate swing of the pendulum gives the constant spaces ur, 
u'r’, u'r’, each equal to two seconds of time. In the present 
instance this space was divided upon mica into twenty equal 
parts by the aid of a filar micrometer screw. By placing the 
scale upon m n, the distance from m to m is measurable to ‘1* 
and by estimation to ‘Ols. The value of z2’ adopted in this 
discussion after numerous and careful measurements upon dif- 
ferent parts of the scale, is “77*+°015*. Hence whenever the 
interval between the beginning of the automatic break and 
that made by the observer is less than -77* the observation is 
too early, and when greater, it is too late. The difference, 
either way, is the absolute personal equation. If there are two 
observers, their relative personal equation is easily found, from 
the absolute equation of each. 

In entering upon this discussion the first and the main ques- 
tion is : 

Does the personal equation vary from any cause ? 


As the basis of investigation, I give below the mean of the 
values found for each date, with explanatory remarks concern- 
ing the conditions under which the observations were made. 
By an abnormal position of the body, I mean as painful a posi- 
tion as I could assume. The wires were illuminated by placing 
a light nearly in front of them. Faint illumination was pro- 
duced by reducing the volume of the flame. 

The observations were made by Prof. Edward M. Tomlinson, 
Mr. Herbert E. Babcock, and myself. 


Absolute Personal Equation. 


Rocers. 
Date. Equation. Remarks. Date. Equation. Remarks. 
1867. 1867. 
Nov. Nov. 
19=—-118s 29 +°017—Read up all the preceding 
20 093 records. 
‘057—Read the record for Nov. 19 
022 and20. Firstknowledge of! 
the value of my personal 
equation. Observations from 
Nov. 19 to Nov. 29 were 
made under a normal condi- 
tion of the body. 


—‘067 Normal position. 
Abnormal position. 
‘038 Normal. 

‘037 Abnormal. 
‘042 Normal. 
‘040 Abnormal. 
‘042 Normal. 


28 019 
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Remarks. Date. 
1868, 


Date. Equation. 
1867. 
April. 


Nov. 
8 —-0408 Abnormal. 
42°=read’g of thermometer.'27-8 
*088s—4°. Hands protected 
cotton gloves. 
Hands unprotected. 
Hands protected. May. 
After warming; hands/26 
unprotected. 126 
42°. Regular beat of chro-/26 
nograph pendulum. 
34° 
35°, 
35°. 
oF; 


051 
‘O11 


-030—4°, 
-080—3°. 
072—3°. —-042 

041 
‘061 ‘050 
126 032 
051 
040 


019 


Irregular beat. 
Regular beat. 
Normal. 
38°. Normal. 
388°, Abnormal. 
Bright wires. 
Very faint wires. 
Bright wires. 
Moderately faint wires. 
Bright wires. 
Bright wires. 
Faint wires. 
Bright wires. 


"02 


o 


Bright wires, 

Very faint wires 

Bright wires. Abnormal, 
Normal. 

Dark field. 

Normal. 


-055 

053 
*045 
019 


Thermometer 


for) 


bo 
for] 


008 
028 
Observed from 8 Pp. M., Apr.’ 
27, till bh a. M. Apr. 28, at) 
irregular intervals; the in-/28 
tervening time being occu-|2! 
pied with observations in the 28 
prime vertical for latitude. |: 
Very tired and sleepy. 
Time of observation, 8h A.M. 
Slept from 5h till 8h a. M.': 


013 
‘610 
018 
007 
007 
006 
007 


TOMLINSON. 
— +0965 Nov. 
"116 
"116 
167 


20 
21 
22 
23 


29 June 15 


Equation. 


27-8 — ‘0338 


7 | till 5 A. M. 
J vation, 5h 30m A. M. 
Normal. 


Remarks. 


Time, 9h A. M. 
Time, 94h A. mM. 
Time, 2h P. M. 
12h till 2h. 

Time, Th P.M. Engagedin 
severe exercise from 4h till 
{th 

Observ ed by day-light. 

lamp-light. 


Slept from 


tween these observations 
Very tired. 
Day-light. 
Lamp-light. 
After observation with the 
equatorial for relative equa- 
tion. Tired. 


physical exercise be- 


Day-light. 
Lamp-light. 
Day-light. 
Lamp-light. 
Observ ed with the equatori- 
al from till 11, Slept 
llhp.M. till lh 30m. a. 
Watched with the sick 
Time of obser- 


Slept very little June 14. 

. Slept from lh P. mM. tili 3h. 
Time of observation 3h P. M 
After severe exercise. 
Normal. 

Normal. 

Normal. 

Assumed that I observed too 
late. No knowledge of the 
value of my equation. 
Normal. 


‘040 ) Normal. 


Hungry. 


pane nothing for 30 hours. 


J 


Very hungry. 


BaBcock. 
Nov. 21==+ ‘035° 
23 +:013 
24 —*007 
25 ‘000 
26 +°:011 
27 +°018 


| 
| 
16 
16 "036 
22 034 June. 
22 061 2 —045 
24 ‘032 ‘019 
24 053 | 2 034 
24 2 "045 
28 4 033 
28 
28 023 4 "040 
1868. 
Jan. | 
13 —*057 
13-118 
13 ‘061 
J 13 
13 ‘078 
13 ‘087 
Feb. 
10 075 —38°. 
10 ‘067 — 
22 "069 84°, a 
22 "039 — 8°, 
22 "035 
April. 
27-8— ‘040 
27-8 -045 
27-8 ‘077 
27-8 
27-8 
27-8 -041 
27-8 °029 
Nov. 19 
25 ‘180 
26 *204 
27 179 
28 "163 
027 | 
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Feb. 10—-+ °036* Junel5 +°0478 Nov. 29 —°030* 
10 —*037 17 055 Feb. 10 035 
Apr. 27 +°047 22 "032 10 "143 
May 31 062 26 036 Apr. 27 ‘071 
June 2 "034 27 +047 27 —137 
4 054 
9 +070 
Relative Personal Equation. 
ROGERS minus ToMLINSON= ROGERS minus Bascock= 
R—T. R—B. 
19==—°214° Apr. 27-8=—098* Nov. 22==-—*112* 
‘101 
"102 —'040 
“081 5 +°025 
June 079 +:008 
"053 ‘016 
+ °047 


27-8—"006 


@ 


27-8—'058 


It will be evident from an examination of the values given 
above, that personal equation is a varying quantity, if it can be 
shown that the variation exceeds the probable error of observ- 
ation. Without going into details, I give below the value of 
the probable error from each source, depending upon a suffi- 
ciently large number of observations : 


I. Probable error of observation for each star— 
ten revolutions, 0135 
T=+'017 
B=+'016 
{I. Probable error of each reading on the scale —-02 
III. Total error derived from a change in the 
common unit of measurement as affected 
by a variable beat of the chronograph 
pendulum, (estimated), 


26 2 ‘079 Feb. 10 —-040 
27 "145 4 ‘087 10 +°076 
28 144 4 094 Apr. 27-8 °031 
29 196 4 081 27-8-+--026 
Feb. 10 ‘411 9 103 
10 15 ‘061 
Apr. 27-8 087 15 065 
27-8 ‘092 17 ‘110 
-8 ‘124 22 "085 
—8 ‘116 26 “081 
—8 ‘096 26 ‘082 
-8 ‘088 26 "055 
‘076 27-8 055 
—8 "O80 27-8 
27-8 
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IV. Error of centering a single star, —=-'02 (estimated). 
V. Error arising from the condition that the re- 
volving pins may not have been ina verti- 
cal plane with the stationary ones at the 
instant of conjunction, —=+'005 (estimated). 
VI. Parallactic error, arising from the par- ) Inappreciable, the re- 
allax of the two wires at the instant | volving wires almost 
of observation. touching the fixed one 
at their transit. 


With regard to these errors it is to be observed : 

(a.) Since there were an average of 8 artificial stars attached 
to the cylinder, and the observations were on the average con- 
tinued through 10 revolutions, each result depends on about 80 
observations. The probable error of observation and reading 
for the final result must therefore certainly be less than +‘01°. 
No allowance has been made for the third source of error. 
While it was not difficult to detect the error itself by a change 
in the measured length of the comparison unit, it was so vari- 
able in amount between the extreme limits +°02s and —-02:, 
that I did not find it possible to deduce a definitive mean value. 
I am confident, however, that the final result for any date can- 
not be affected with so lar ge an error as + ‘005s. 

(6.) Errors TV and V affect the absolute equation; but in con- 
sidering the variability of this function, they are to be disre- 
garded, since the wire frame work, the wires and the stars, re- 
mained absolutely in the same position from day to day, unless 
purposely disturbed. So also, these errors are eliminated, if the 
observations are for relative personal equation. 

It is therefore obvious that the change manifest in the value 
of the personal equation, whether absolute or relative, cannot 
be accounted for either as instrumental errors, or as errors of 
observation, but must be due to the external conditions under 
which the observations were made. Having determined the 
fact of the general variability of the personal equation, let us 
now consider the variations due to certain given physical condi- 
tions. 


I. Does the personal equation vary between a normal and an ab- 
normal position of the body during observation ? 


Normal position minus Abnormal. 
R.—Dec. 6= —'0315 
7 —'002 
8 —002 
16 —'003 
Jan, 13 —-004 
13 —*026 Mean = —‘0115 


W. A. Rogers on Variability of Personal Equation. 303 


Thus, while the change is not large, every series of observa- 
tions gives the same sign. It will not answer, however, to as- 
sume, either that the mewn value remains constant, or that 
another observer would find the same value, since several con- 
ditions contribute to the result found. In reading up the re- 
cords, the rather curious fact was noticed, that the probable 
error of observation was less for an abnormal than for a nor- 
mal position of the body. 


Il. Does a change of temperature affect the personal equation ? 
Absolute. Relative. 
R. 

Dec. 12 42°~—(—4°)=+ °036° Feb. 10. 
42°—(—4°)=—014 Change. 
42°—(—3°)= 4019 0715 
42°—(—3°)==-— 011 —2° 084° 
35°—(—9°)—=—007 
38°— (-~ 
38°—(—3°)—=—"008 
34°—(—8°)=— 030 


38°—=+"108" 
Feb. 10 38°—(—3°)=+-073 
B. 


Feb. 10 38 -(—3 107 —B. 2° 114 


The observations for ee cei were made in the 
clock-room. For the low temperature observations, an aper- 
ture about 1°5 inch in diameter was made through a pane of 
window glass and the theodolite was placed on the outside. 
The first and third set of observations for Dec. 12 were made 
with gloved hands, the second and third with hands unpro- 
tected. It will be seen that in my own case, the change is 
slight, while with B. and T. it is large. The values depend 
upon very careful observations continued through 20 revolu- 
tions of the cylinder. The probable error for high and low 
temperature did not sensibly vary with myself and B., but was 
about +°005s larger for low temperature in the case of T. 


III. Does an exhausted state of the system produce a variation of 
the personal equation ? 


It will be seen from the observations of Apr, 27-8, May 26- 
31 and June 4-5-15-17, that no decisive change resulted from 
extreme weariness. The mean effect was a slight tendency to 
diminish the equation by an amount hardly measurable with 
certainty. This result was contrary to my anticipations, and 
if confirmed by other observers, establishes a fact of much im- 
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portance, inasmuch as astronomical observations are usually 
carried far into the night. 

In every instance, the equation was quite largely diminished 
when the observation was made directly after waking from a 
sleep preceded by extreme exhaustion. Here, as before, I found 
that an abnormal condition rather improved the probable error 
of observation. 

IV. Does hunger affect the value of the personal equation ? 

Normal state minus a state of hunger. 

June 27-8=-—-027° 
030 

022 

032 

"034 

034 

084 

‘034 

0338 

—'039 

There is thus a decided and quite regular change, the mean 


being —-032s. 


V. Does the mental state of the observer have any influence on the 
personal equation ? 
Normal state minus a state in which the observation is assumed too late. 
Nov. 20-1=—036 
June 26 — 026 
27 — ‘038 
I have already remarked that I obtained the first knowledge 
of the value of my personal equation, Nov. 21, 1867, and that 
after Nov. 29 I had no farther knowledge of its value, till after 
ali the observations were completed, not in fact till I read up 
the records in July, 1868. As the value for Nov. 29 was posi- 
tive, I arbitrarily assumed it negative in order to ascertain the 
effect of this assumption upon it. The result confirms the 
suspicions which I have for some time entertained, that the sim- 
ple knowledge of the value of one’s personal equation induces 
a tendency to reduce its value. Since constancy in value is more 
desirable than this reduction, which is uncertain and variable, 
it follows that it may not be best for an observer to have a 
knowledge of his personal equation. I ought to remark, how- 
ever, that the expectation of having my suspicions on this point 
confirmed, may have had something to do with the results 
found, though I endeavored to free my mind from every bias 
except the single one assumed, 
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Let us now consider certain variations of the personal equa- 
tion in which the condition of the observer is not taken into 
account. 


I!, Does a change in the character of the illumination of the 
wires affect the personal equation ? 
Bright wires minus faint wires. 
Dec. -+°027*; very faint. 
24 +024 ; faint. 
2g 47 001. moderately faint 
y 
Jan. 13 +060; extremely faint. 
Il?, Does the personal equation vary between a natural and an 
artificial illumination of the wires? 
Natural minus artificial. 
May 26——002° 
31 —011 
June 2 —'026 
2 
2 —000 
These observations were made during the day time. The 
artificial illumination was produced in the way already described, 
the clock-room being darkened. 


IIl?, Does the size of the stars observed affect the personal equa- 
tion ? 


From Nov. 20, till Nov. 29, only five stars were employed, 
the first one being larger than the others. 


R.—T. from Nov. 20 till Nov. 29. 
Large star. Small stars. 
— 2335 
Large star minus mean of small stars. 
1°, 
First wire minus each of the following wires from Nov. 20 till Nov. 29. 
R. 
Difference —R 
I must remark, however, that I did not find a well-defined 


corresponding difference between bright and faint stars in the 
observations for relative personal equation with the equatorial. 


IV?.—Does a variation of the interval between the wires affect 
the personal equation ? 

From May 26 till June 27, ten stars were attached to the 

cylinder, the first three being separated by an interval of from 
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ten to fifteen seconds, and the last seven by an interval varying 
between two and three seconds. 
R—T. 
Mean of the first three wires. Mean of the last seven wires. 
May 26 —068° 
June 2 080 075 
086 088 
°187 "059 
"116 "052 
"155 ‘091 
‘051 
Differences. 
May 26 ——"133° 
June 2 005 


Mean ——'0695 


While these differences do not agree well with each other 
they all have the same sign. The disagreement is without 
doubt partly due to certain local disturbances on some of the 
wires, which will be noticed under the next head. 


V.— Does the shape of the stars observed affect the personal equa- 

tion ? 

By comparing the values R.—T. for each star, I found in 
several instances that two and sometimes three stars gave re- 
sults widely differing from the rest, for two or three days at a 
time, after which the difference would disappear. As these 
differences did not occur in the values R.—B., it is evident that 
the variations were mainly due to the observations of T. I 
can attribute this to no other cause than the influence which 
the shape of the stars had upon the judgment of the observer 
in determining the time of transit. In actual observations of 
bright stars there is no doubt but that projecting wisps of light 
affect the personal equation. Something analogous to this may 
have occurred in the present instance. I can assign no reason 
for the recurrence of the disturbances. 

I close this investigation with the following inquiry: 

Does the relative equation derived from artificial stars agree in 
value with that derived from actual observations with the tran- 
sit instrument ? 

This inquiry is an important one; for if this agreement is 
found to exist, it will then be easy to free longitude from the 


4 ‘000 
9 128 
15 
17 "064 
22 101 
26 053 


W.A. Rogers on Variability of Personal Equation. 307 


error arising from the variability of personal equation, by de- 
termining the value of this function by means of artificial stars, 
the observations for this purpose being nearly coincident with 
those of longitude. 
The observations of actual stars were made with the equato- 
rial, four, of four wires, constituting a complete set. Thus: 
R observed the first four wires. 
“ “ 
first “ we 
Reducing each observation by the interval from each wire to 
the mean of the wires, and taking the arithmetical mean of 
the results, the relative equation was found free from the error 
of wire intervals. 
R.—T. from the equatorial. R.—T. from artificial stars. 
May 31 =—-08° 
June 2 
4 
9 
15 
17 
22 
Mean from 880 compari- Mean from 1,000 compari- 
sons, ==—*116°*. sons, ==—"093* 


I do not positively assert that this agreement will exist in 
every case, because— 

(a.) The result might have been different had the observa- 
tions been made with the transit instrument. 

(6.) The same agreement might not exist with other observers. 


I do not consider that the results which I have found, settle 
definitively any point except the general variability of the per- 
sonal equation. The conditions of the problem are so compiex 
that it is impossible to assume one condition and reject the 
consideration of all others. The last inquiry is worthy of fur- 
ther investigation, as affording the means of obtaining the 
most probable value of the relative equation. 
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Art. XXVI.—Upon the Atomic Volumes of the Elements ; 
by Frank WIGGLESwoRTH CLARKE, 8.B. 


In a recent paper in this Journal I called attention to some 
remarkable relations which seem to exist between the atomic 
volumes of certain elements in the liquid condition. Since 
that time I have found similar relations between the same 
elements in the solid state, and also between the atomic vol- 
umes of some other solid elements of which no liquid com- 
pounds are known. 

A few relations between the atomic volumes of different 
metals have previously been observed. Chief of these we find 
the equality of the atomic volumes of the metals of the iron 
group, the similar equality connecting the platinum metals, 
the equality between silver and gold, and that between molyb- 
denum and tungsten. But, as far as I have been able to learn, 
nothing seems to have been done toward studying the more 
remarkable multiple relations which connect the members of 
certain natural groups with each other. 

None of the specific gravities cited in this paper are due to 
my own determinations. I have simply collected the most reli- 
able data which I have been able to find upon specific gravity, 
and thence calculated the atomic volumes of the elements. 
But in every case I shall try to give the authority to whom 
the experimental observations are due, 

The alkaline metals most appropriately come first in order. 
For the first four only have we any data, since cesium has not 
been isolated. The specific gravities are as follows. Lithium 
0°589, Bunsen; sodium 0972, and potassium, 0°865, Gay 
Lussac and Thenard; rubidium 1:52, Bunsen. Upon dividing 
the atomic weights of the four metals by these specific grav- 
ities we get as their atomic volumes respectively the numbers 
11°9, 23-7, 45:1, and 56-2, It will at once be seen that the three 
highest of these values are very nearly multiples by whole 
numbers of the lowest. If we assume that in reality an exact 
multiple relation connects the members of this group, and then, 
adding together the atomic volumes actually found for them, 
we take an average in order to get the multiples with the least 
possible alteration of our data, we obtain for these four metals 
the values 11°4, 22'8, 45°6, and 57:0. These stand to each 
other as 1:2:4:5, and vary but very slightly from the num- 
bers actually found, and, moreover, correspond to these trifling 
alterations in the specific gravities, respectively, ‘025, :037, 
‘010, and 022. Is it not safe to assume that under strictly com- 
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parable circumstances this apparent multiple relation would 
prove to be exact ? 

The oxygen group, oxygen, sulphur, selenium, and telluri- 
um, affords a still more remarkable series of values. The 
atomic volume of oxygen in its solid compounds, varies accor- 
ding to the nature of the combination. For this element in 
the solid state Kopp has deduced three values,—2°6, 5-2, and 
10°4. Kopp himself has called attention to the fact that these 
stand to each other as 1:2:4.* For this elemeut in liquid 
compounds the same observer deduced the values 7°8 and 12:2. 
If we compare these with the values for solid oxygen we shall 
find that the four lowest numbers stand exactly in the ratio of 
1:2:3: 4, and that an alteration of 0°8 in the highest, making 
it 130 instead of 12:2, will place it also as a fifth multiple of 
the lowest. I cannot but think it probable that Kopp himself 
must have noticed this relation, although I find no mention of 
it in any paper of his that I have seen, The atomic volume 
of sulphur varies, both with its crystalline form, and with the 
state of combination. The specific gravity of the octahedral 
modification, according to Marchand and Scheerer, is 2-045. 
This gives us for its atomic volume the number 156, precisely 
three times the second value for oxygen. In the liquid con- 
dition also, it will be remembered that the lower value for sul- 
phur, 23:4, is three times the lower value for oxygen. 

Many metallic sulphids possess atomic volumes very nearly 
the sums of those of the free sulphur and the metal. The 
native sulphids, syepoorite, CoS, millerite, NiS, and troilite, 
FeS, however, seem to vary from this rule. Their atomic vol- 
umes, deduced from the specific gravities given in ‘ Dana’s 
Mineralogy,” are respectively 16:9, 17°6, and 18:4. But here 
it must be borne in mind that the native minerals are not ab- 
solutely pure, and that th» specific gravity of each mineral 
often varies considerably. Since the metals in these three sul- 
phids have equal atomic volumes, and since their correspond- 
ing compounds in most cases have equal values also, it seems 
safe to assume that these minerals in an absolutely pure con- 
dition, would possess also equal atomic volumes. The mean 
of the three numbers above given is 176. If we subtract from 
this the value of the metal, 6-9, we get 10°7, as the atomic vol- 
ume of the sulphur, a number varying but 0°3 from twice the 
second number for oxygen. As we pass on we shall meet far- 
ther confirmations of this apparent multiple relation. In the 
liquid state sulphur has three atomic volumes, two of which, 


* Buff, Kopp and Zamminer. ‘Lehrbuch der Physicalischen und Theoreti- 
schen Chemie.” 
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23:4 and 28°6, are cited in my last paper.* The first of these 
is three times the lower value for liquid oxygen, and of course 
is also a multiple of 2°6, which seems to be the starting point 
for this series. The second is also an exact multiple of 2°6. 
In two observations Buff obtained for the atomic volume of 
sulphuric anhydrid at its boiling point, the numbers 44:18 
and 44:19. Regarding this compound as (SO,)O, and tak- 
ing Kopp’s determination of the higher value for liquid oxy- 
gen, he deduced from these numbers as the atomic volume 
of hexvalent sulphur in its liquid compounds, the value 12:0, 
If, however, we take as the higher value of oxygen the altered 
number 13°0, we shall get as the value of sulphur in (SO,)O 
the number 10°39, which agrees closely with the 10°4 above 
suggested for sulphur in the solid sulphids of iron, cobalt and 
nickel. 

The approximate equality between the atomic volumes of 
solid sulphur and selenium has often been noticed, and in my 
last paper I showed that a similar equality probably existed 
in the liquid condition, The specific gravity of crystalline 
selenium, according to Hittorf, is 4808. This gives us as its 
atomic volume, 16°5, which exceeds by 0°9 the value for octahe- 
dral sulphur. An exact equality between sulphur and selenium, 
however, seems to me doubtful, since I have repeatedly noticed 
that, as a rule, the atomic volumes of selenids slightly exceed 
those of the corresponding sulphids, and also that the selen- 
ates have values slightly in excess of the sulphates, Yet there 
are striking exceptions to this, and the point is by no means 
decided. 

Like the sulphids, many selenids have atomic volumes equal 
to the sum of those of the selenium and the metal, For the 
proto-selenid of iron we have no data, but the artificial selenids 
of cobalt and nickel, CoSe and NiSe according to Little, have 
the specific gravities 7 65 and 8:46, whence we obtain for their 
atomic volumes the numbers 18:2 and 16:9, or a mean of 17°5. 
This is very near the mean obtained for the sulphids, and gives 
us as another value for selenium, the number 10°6, only 0:2 
greater than the double multiple of oxygen. 

The sp. gr. of tellurium, according to Léwe, is 6:18, and 
hence we get as the atomic volume of this element, the value 
20°7. 20°8 is exactly four times the second value for oxygen. 

We now see that in the solid condition the atomic volumes 
of these four elements are to each other very nearly in the 
relation of 1: 3:3: 4, and since the first three preserve the 

* My paper in the March No. of this Journal was sent to press before I had 


seen Buff’s calculation of the atomic volume of hexvalent sulphur. See Buff’s 
“‘Grundlehren der Theoretischen Chemie ”’ 
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same relation in the liquid state, we must naturally expect that 
the fourth, (for which we have no data in its liquid compounds) 
will follow the same rulealso. But this, although so extremely 
probable, remains to be proved. Other theoretical reasons 
might be adduced in support of the idea, but I prefer leaving 
the question for experiment to settle. In order to show more 
clearly the remarkable relations connecting the different atomic 
volumes of this group, I have arranged the values for these 
elements, both in the solid and liquid state, in the following 
tabular form. The independent numbers are those determined 
by theory, those in parentheses being the values actually deter- 
mined.* This is in order to show the extent of alteration 
when change has been necessary. 


Oxygen, 26 52 78 104 13°0 (122) 


Selenium, -- -- 10°4 (10%)  15°6 (165) (232) 


Of these thirteen numbers six need no alteration, and the 
amount of change in the other seven, varies from a minimum 
of 0°1 to amaximum of 0°9. Moreover, from 2°6 up to 28°6, 
but two multiples of the lowest are wanting, and if we place, 
from theoretical reasons given above, the atomic volume of 
liquid tellurium at 31:2, this relation becomes still more note- 
worthy. 

It is worth while in this connection to observe the remark- 
able multiple relation connecting the atomic weights of this 

roup. 
, foun the different allotropic conditions of sulphur and 
selenium I find no numerical relations whatever. The atomic 
volume of prismatic sulphur I find to be from 16°3 to 16°7, and 
that of amorphous selenium to be 18°6. These values find no 
place in the series above given. 

The nitrogen group affords another remarkable series of 
relations. In the liquid state, it will be remembered, nitrogen 
has three values, 215, 86, and 17-2, all multiples of the low- 
est. Then came boron, phosphorus, vanadium, and arsenic, 
with a common value, three times the second number for 
nitrogen. In the solid state, however, we find a variation 
from this. For nitrogen itself we have few suitable data, and 
Ihave made no elaborate calculations concerning it; yet as 
far as I have examined, it seems to possess several values. 
One of these is easily found. Kopp determined the atomic 
volume of NO, in nitrates, as 28°6: and if we subtract from 


* In the numbers which required no alteration, parentheses seemed unneces- 
sary. 
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this three times the most common value for oxygen, or 15°6, 
“we have left, as the atomic volume of the nitrogen, the num- 
ber 13:0. The specific gravity of crystalline red phosphorus, 
(“metallic phosphorus”) according to Hittorf is 2°34, and 
hence, as its atomic volume, we get 13:2. Bettendorf found 
the specific gravity of crystalline arsenic to be 5°727, which 
gives us the atomic volume 13:1. For free vanadium we have 
no data, but the oxyd V,O, has the specific gravity 3-64, 
(Schafarik) and hence the atomic volume 37:1. From this, 
subtracting the value of the oxygen, giving the latter element 
its second value, we obtain as the atomic volume of vanadium 
the number 13:3. 

It must be borne in mind that both in this case, and with 
the radical NO,, it is a pure assumption to give oxygen its 
second value, instead of its first or third, yet the assumption 
. seems warranted by the results. From these numbers we see 
that in the solid state, some at least of the atomic volumes of 
nitrogen, phosphorus, vanadium, and arsenic, are equal, the 
mean being 13°15. 12°9 (a change of 0°25) is precisely half 
the atomic volume of the three latter elements in the liquid 
state, and a multiple by 6 of the lowest value for nitrogen. 
In connection with the apparent equality between phosphorus 
and arsenic, the fact is perhaps worth recalling that the 
alkaline phosphates and arsenates with 12 aq. were found by 
Playfair and Joule to have equal atomic volumes. 

Antimony was found by Dexter to have a specific gravity 
from 6°707 to 6°718. This gives its atomic volume as 18°1. 
If we make this 0°9 less, or 17-2, it becomes precisely half the 
value for this metal in its liquid compounds. Bismuth, accor- 
ding to Marchand and Scheerer, has a specific gravity of 9°799. 
Its atomic volume, then, is 21°43. 21-5 is exactly 10 times the 
lowest value of nitrogen. In the liquid state its atomic vol- 
ume is a matter of uncertainty, since the specific gravity of 
only one volatile compound of bismuth has been taken. In 
my last paper I suggested that perhaps this metal in its liquid 
compounds might have the same value as antimony, although 
farther investigations might place it higher. If now, we as- 
sume that bismuth, like phosphorus, vanadium, arsenic, and 
antimony has in the solid state an atomic volume half that 
which it possesses in liquid compounds, we shall get as the 
atomic volume of liquid bismuth, the number 42°86, or more 
probably, 43-0, which is a multiple of the second value of liquid 
nitrogen, This seems highly probable, yet cannot be regarded 
as settled. Nevertheless, it will be seen that the values actu- 
ally found for the metals arsenic, antimony, and bismuth, are 
to each other very nearly as 3:4: 5. 
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The atomic volume of ordinary phosphorus is from 16-9 to 
17-0, and that of the amorphous red variety from 13-9 to 145. 
That of amorphous arsenic is 15-9, These numbers seem to 
bear no distinct relations to the others. 

In its liquid compounds the atomic volume of boron is equal 
to that of phosphorus and arsenic, but this relation does not 
hold true for the solid element. The specific gravity of the 
diamond modification is given in Graham-Otto’s “Lehrbuch” 
as 2°68, whence we get 4:1 asthe atomic volume. If we place 
this element in the nitrogen group, as its atomic. volume in 
the liquid state would induce us, it is worth while to notice 
that its value here is very nearly twice the lowest number for 
nitrogen, and one-sixth (if the alteration be made) of its value 
in liquid compounds. 

Passing now to the carbon group, we still find close multiple 
relations existing. The sp. gr. of the purest graphite is 2°25 
(Brodie) and hence its atomic volume is found to be 53. If 
we alter this to 5:5, we have just half the value of carbon in its 
liquid compounds. In the “Handworterbuch” the specific 
gravity of graphitoidal sil:con is given as 2°49, and from this 
we get 11:2 as its atomic volume. This is 0-2 greater than a 
multiple by two of the altered value for graphite. 

For titanium in the free state I have been able to find no 
data, but in its compounds it approximates closely to silicon. 
Rock crystal has the sp. gr. 2°663 (Deville), and an atomic vol- 
ume of 22°5.* Octahedrite, TiO,, has a sp. gr. of 3°82—3-95, 
corresponding to an atomic volume of 21°5. If we assume 
that the atomic volumes of siiicon and titanium are equal, and 
double the altered value for graphite, we shall find as the ca!- 
culated atomic volume of rock crystal and of octahedrite, the 
number 21°4, (giving oxygen its second value.) Again, the 
native mineral enstatite, MgSiO,, has asp. gr. of 3°13, and 
an atomic volume of 31°9. The artificial titanate, MeTiO., 
obtained by Hautefeuille, has a sp. gr. of 391, and hence the 
atomic volume 31:2. If we also take into account the seeming 
equality between the atomic volumes of these elements in their 
liquid compounds, the conclusion concerning their values in 
the solid condition seems almost inevitable. 

The specific gravity of tin, according to Miller, is 7-177. 
Hence its atomic volume is 16°4, which is only 0-1 less than 
three times the changed value for graphite. If now we take 
into review these four tetrad elements we sce that with very 
trifling variations, their atomic volumes for the solid state are 


* For specific gravities of minerals quoted in this paper, see the last edition of 
‘*Dana’s Mineralogy.” 
Am. Jour. Sc1.—Seconp Series, Vout. XLVII, No. 141.—Mar, 1569, 
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to each other as 1:2:2:3. In the liquid state these elements 
have values standing to each other as 1:3:3: 4, and therefore, 
although in the case of carbon a very simple connection ap- 
pears between the two states of aggregation, with the higher 
members of the group the relations become complicated. 

The specific gravity of the diamond is 3°55, according to Pe- 
louze, and from this we get as its atomic volume the number 3:4, 
Although this seems to stand in no direct relation to the other 
values found in this group, still it affords a starting point for 
a number of metals, as I shall show hereafter. In connection 
with the carbon group the tetratomic metal zirconium is worth 
noticing. Its sp. gr. is given by Troost as 4:15. From this we 
get the atomic volume as 21°7, a value 0°3 less than four times 
that of graphite. This, however, may be accidental. 

Another noteworthy series of relations appears between the 
atomic volumes of certain groups of metals. In this series the 
iron and zinc groups are connected, and possibly also the pla- 
tinum group is involved. The equality between the atomic 
volumes of the members of the iron group has often been 
noticed, yet, for the sake of completeness, I have thought it 
advisable to recalculate their values. The specific gravities are 
as follows: Chromium 7°3, Bunsen ; manganese §:013, John; 
iron 7°844, Bréling ; nickel 9°118, and cobalt 8°957, Rammels- 
berg ; uranium 18°4, Peligot ; copper 8°94, a mean of five 
determinations by Marchand and Scheerer. Deduced from 
these, their atomic volumes are respectively, 7:1, 6°7, 7:1, 6°7, 
6°7, 6°5, 7:1, the average being 6°84. 

The sp. gr. of magnesium is 1°743 (Bunsen), that of cad- 
mium 8°6 (Graham-Otto’s “‘ Lehrbuch”) and that of frozen 
mercury is given by Schulze as 14°391. Hence the atomic vol- 
umes of these three metals are respectively 13°8, 13-0, and 13:9, 
or, very probably, equal, the average being 13°6, Zinc, which 
we would naturally expect to find classed with magnesium and 
cadmium, varies, its sp. gr. being 7°03—7:2, (Bolley) and hence 
its atomic volume 9-9:2. Now it has been observed that the 
protosulphates of magnesium, zinc, iron, nickel, and cobalt, 
and also the double sulphates of magnesium and copper, mag- 
nesium and zinc, and magnesium and cadmium, all of which 
contain 7 aq, possess equal atomic volumes.* Now, since all 
of these compounds are formed upon precisely the same type, 
and since an element may possess different atomic volumes in 
different compounds, we should be inclined to suspect definite 
relations between the values of the different metals forming 
these salts. These metals in the free state represent three dif- 


* See “ Watts’ Dictionary,” vol. i, Art. ‘‘ Atomic Volume.” 
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ferent values, viz: 6°84 tor the iron group, 9°0-92 for zine, and 
13°6 for the cadmium group, yet in these sulphates all appear 
to possess the same atomic volume. Nowit is noteworthy that 
13°6 is almost exactly twice 6°84, and zinc stands between in 
such a manner that the three values are to each other almost 
exactly as 3:4:6. Whatever may be the place of zinc in this 
series, whether accidental or not, it is certainly very remark- 
able that the metals cadmium and magnesium, forming sul- 
phates isomorphous with those of iron, cobalt, and nickel, 
should possess an atomic volume almost precisely double that 
of the latter metals. This relation must be more than a mere 
coincidence, 

Another point.to be noticed in regard to zinc and mercury 
is an exception to a rule which has seemed to hold true with 
the groups hitherto given. Between the atomic volumes pos- 
sessed by these metals in the solid state, and their values in the 
liquid condition, no direct relation is manifest. 

The platinum metals afford another remarkable instance of 
equality among atomic volumes, as has often been noticed. 
The specific gravities are as follows, according to Deville and 
Debray. Platinum 21:15, iridium 21°15, osmium 21:3-21°4, 
rhodium 12:1, ruthenium 11—11°4, palladium 11:4. Their 
atomic volumes are respectively 9°3, 9°3, 9°2-9°3, 8°5, 9:1-9-4, 
and 9°3. The average is 9°15, almost exactly the value for zinc, 
although this is probably a mere coincidence. A revision of 
the sp. gr. of rhodium will probably place it lower, and increase 
the atomic volume, so as to make the value for this group 
about 9°3. 

Molybdenum and tungsten afford another well known exam- 
ample of equality. The sp. gr. of the first is 8°64, (Bucholz,) 
and that of the second from 16°54—18-447, according to the 
state of aggregation and mode in which it was prepared, accor- 
ding to the observations (independent of each other) of Van 
Uslar and Zettnow. The atomic volume of molybdenum is 
therefore 11:2, and that of tungsten from 9°9-11:1. If instead 
of 11:1-11:2, we place the value for these metals at 11:4, we 
find that the latter number falls into a vacant place in the iron, 
zinc, and cadmium series, standing in that series so as to make 
the four values to each other as 3:4:5:6. This may be 
accidental, however. 

‘he equality between silver and gold is also well known, 
the atomic volumes of these two metals being represented by 
the number 10:2. 

A noteworthy relation to oxygen is found in the atomic vol- 
umes of the remarkably similar elements calcium, barium, 
strontium, and lead. The sp. gr. of calcium is 1°55 (Lics Bodart 
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and Jobin), that of barium is 40 (Clarke), that of strontium 
2-5418 (Matthiessen), and that of lead is 11°37 (Reich.) Hence 
the atomic volumes are respectively 25°8, 34:2, 34:3, and 18:2. 
These numbers approximate very closely to multiples of the 
lowest value for oxygen, 26. The number for lead requires 
no change whatever, that for calcium but 0:2, and those of 
barium and strontium but from 0:4-0°5, to produce the exact 
multiples. Whether this relation is accidental or not, it is 
impossible for me to say, but the coincidence is certainly re- 
markable. 

Another similar relation we find between the atomic volume 
of the diamond, and those of certain metals which are often 
classed as tetratomic. The sp. gr. of glucinum is 271 (Debray), 
that of aluminum 2°56-2°65 (as given in the ‘ Handwirter- 
buch), and that of thorium 7°657-7°795, (Chydenius). Hence 
their atomic volumes are respectively 6°7, 10°1-10°6, and 30°4- 
30°9. The atomic volume of the diamond is 3°4, that of glu- 
cinum wants but 0°1 of twice that, three times 3:4 is within 
the limits between which aluminum varies, and nine times 3°4, 
or 30°6, is within the limits for thorium. Cerium, according 
to Wohler, has the sp. gr. 55, corresponding to an atomic vol- 
ume of 16°7, which is 0'3 less than an exact multiple of that 
of the diamond, Perhaps this metal might be classed with the 
three above mentioned. 

The remaining metals, as far as we have data, seem to find 
places in none of the previous series. Thallium, according to 
Crookes, has a sp. gr. of 11°81-11:91. Its atomic volume, 
then, is 172. Winkler gives the sp. gr. of indium as 7-421, 
which corresponds to an atomic volume of 10°2. For niobium, 
tantalum, lanthanum, didymium, yttrium, and: erbium, we 
have no data whatever. 

The sp. gr. of iodine is 4947 (Handwirterbuch). This gives 
as its atomic volume the number 25:6, almost exactly two 
thirds of its value in its liquid compounds. The atomic vol- 
umes of bromine and fluorine in their solid compounds I have 
not been able to calculate in any satisfactory manner from the 
data at my command, since the values obtained did not agree 
with each other. The atomic volume of chlorine in solids, has 
been calculated by Kopp, who obtained two values; but 
between these and its value in the liquid state I have found no 
relations. 

For hydrogen, the data at hand are quite complicated, not 
being in any connected series of compounds, and as far as I 
have been able to decide, it appears to have several values. 
However, in some of its solid compounds, hydrogen seems to 
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possess the same atomic volume as in the liquid state, viz., 5°5. 
If we calculate the specific gravities of cerotene, C,, H,,, and 
melene, C,,H,,, upon the basis of this value for hydrogen, 
giving carbon the amended atomic volume of graphite, we shall 
get for the first the sp. gr. 0°846, and for the second 0°848. 
The specific gravities actually found for these bodies, as given 
in Weltzien’s “‘ Systematische Zusammenstellung,” are respect- 
ively 0861, and 0°890, a variation in the first case, of only 
0-015, and in the second case of 0°042, from the calculated 
values. 

Having thus compared the atomic volumes of many elements 
with each other, a question which now naturally arises, is, how 
far are the relations which have been found, significant, and 
how far are they accidental. 

In work of this kind, great caution is necessary, for a slight 
prejudice in favor of the kinship of two elements might often 
lead one greatly astray. Thus, gold, silver, aluminum, and 
indium, possess almost exactly the same atomic volume, about 
10-2, and yet no direct chemical relations are known to connect 
them, and they seem to belong to four different metallic groups. 

Probably of a similar nature is the seeming relation between 
zinc and the platinum metals. Yet in spite of these dangers of 
error, some of the relations which are found between the 
atomic volumes of certain elements, cannot but be considered 
as deeply significant. The series of relations which I regard 
as fully made out, are the following: The multiple series of 
the alkaline metals ; the series formed by oxygen, sulphur, se- 
lenium, and tellurium; the nitrogen series, and also that 
formed by carbon, silicon, tin, and titanium. The equal val- 
ues for the platinum metals, and the similar case of the iron 
group. Of the series less thoroughiy made out, or less easy to 
account for, I am inclined to regard that which connects the 
iron group with zinc and the cadmium group and possibly also 
with molybdenum and tungsten, as genuine. Also that series 
connecting the metals of the alkaline earth with oxygen. The 
series formed by the diamond, with glucinum and the kindred 
metals, and also the seeming relation between lead and oxygen, 
appear to me more questionable. 

As a rule it will be seen that whenever an element possesses 
more than one atomic volume in its compounds, these different 
values are distinctly related to each other, and also to the value 
of that element in the free state. But between the different 
allotropic forms of an element, we find no distinct relations at 
all! If this be found to hold true, it will be plain that the 
different properties possessed by the same element in different 
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compounds cannot be accounted for upon the supposition that 
in one compound the element exists in one allotropic form, and 
iu another compound in another. 

One of the most important points to which I have been led, 
seems to me to be the very direct and simple relations connect- 
ing the atomic volumes of an element in two different states of 
ageregation. In the oxygen series, the most common value for 
each element in the solid state is almost precisely two thirds 
of that which it has in the liquid condition. Phosphorus, 
arsenic, vanadium, antimony, and bismuth seem to have in the 
solid state, values just half those which they possess as liquids, 
and carbon seems to follow the same rule. 

The exceptions found under zinc and mercury, however, must 
be borne in mind, showing as they do, that the law is not a 
general one. But how far these relations between solids and 
liquids holds true, seems to me a matter of great interest, as 
possibly affording a clue to some general law connecting the dif- 
terent states of aggregation. 

One more point and [amdone. In many cases, even when the 
relations between the elements have been plainest, it has been 
necessary to slightly alter the atomic volumes actually found, in 
order to bring them in accordance with theory. Some of these 
alterations have been wholly within the limits of experimental 
error, yet others are in this respect more doubtful. Now it has 
often been suggested that the atomic volumes of solids, like 
those of liquids, should be compared at similar temperatures, 
and under corresponding circumstances. For solids, the similar 
temperatures are supposed to be the melting points. Now in 
many of those cases in which I have altered the values actually 
found for elements, it would be wholly unjustifiable for me to 
ascribe the variations from theory to experimental error, And 
yet the multiple relations are often extremely plain, and by 
their occurrence in so many different series, they in a certain 
sense confirm each other. Therefore, taking all things into 
consideration, I am firmly convinced that whenever the atomic 
volumes of the elements are compared under strictly similar 
circumstances, then the relations between them will be found 
exact. In other words, the variations from theory are probably 
due to the fact that the specific gravities from which we calcu- 
late, were determined under dissimilar conditions. Concerning 
the cause of these relations between different elements, I shall 
hazard no conjectures. Not only are our data too incomplete, 
and unfit to form the basis of any theory, but it seems to me 
that until we know more of the nature of the elements them- 
selves, it will be too early to attempt to frame any hypothesis 
whatever, concerning the cause of relations between them. 
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Art. XXVII.—Contributions from the Laboratory of the 
Lawrence Scientific School. No.'7.—On some Minerals from 
Newlin Township, Chester Co., Penn., described by Dr. Isaac 
Lea; by 8. P. SHarpues, 8.B., Assistant in Chemistry. 


A YEAR or two ago, Wm. W. Jefferis, of WestChester, Penn., 
gave me several minerals for examination which had been de- 
scribed by Dr. Lea in a paper read before the Academy of Nat- 
ural Sciences of Philadelphia, April 9th, 1867. 

The first of these that I examined was the Diaspore which 
Prof. Brush described in this Journal and of which an analysis 
is given on page 169, of Dana’s Mineralogy. The diaspore 
was embedded in a mineral which Prof. Dana calls margarite 
(loc. cit.), and which Dr. Lea in his paper spoke of as emerylite. 
I found it to contain silica, alumina, potassa and water, with 
traces of iron, magnesia and soda in the following proportions: 


i. . 3. 4. 5. Mean. Oxygen. 
4346 43°85 43°57 — ---- 43°56 23°21 
Al,O, 38°12 3820 38:16 17°76 
11,0 571 5°58 5°64 5°01 
K,O 1032 10°81 2°18 


Sp gr. 2°87. 


The oxygen ratio as will be seen, is for R, #, Si, H, 1:8°5:11: 2, 
which corresponds with that given for damourite. 

The mineral occurs in mica-like crystals, some of which are 
from one to two inches across. Some of the specimens in Dr. 
Lea’s collection have well crystailized edges. In color it varies 
from white to greenish or yellowish. Before the blowpipe it 
fuses with extreme difficulty to a white enamel. 

Lesleyite—This mineral is described by Dr. Lea as follows : 
“Fibrous or lamellar, sometimes inclining to massive. Color 
whitish passing into reddish, Hardness about three. Streak 
white. Before the blowpipe it parts with its water and becomes 
opaque white. Does not fuse with borax. Does not dissolve 
in muriatic acid. Under the microscope it presents no observ- 
able characteristics, 

“Tts gravity is greater than that of quartz. There is a dis- 
position in the crystalline fibrous structure to diverge from a 
central point, to be stellate, and in one crystal before me, the 
radiating fibers are nearly four inches long.” 

Analysis of the white variety gave me silica, alumina, po- 
tassa and water with traces of iron, soda, lithia and magnesia. 


1. 
SiO, 33°63 
Al,O, 55°88 
K,0 
H,O 431 


2. 3. 
33°54 
55°45 

7°30 
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4, Mean. Oxygen. 
33°59 16°88 
55 41 25°82 

D7 7°43 1°27 
4°30 3°82 


Oxygen ratio for R, #, Si, H, 1:20: 14:3. 


The reddish gave C. W. Reepper of Bethlehem, Penn.: 


Sid, 47°14 
Al,O, 33°56 
Fe,0,, 2°75 
K,0 
H,O 6°73 


2. 3. 
46°87 
32°98 

2°93 
9°97* 
6 70 


Mean. 


47:00 
33°27 
2°84 


6°71 


Sp. gr. 2°87 

Oxygen ratios for k, #, Si, 1, 1: 9°7:14°8: 3°5. 

These minerals occur as a coating on corundum and seem to 
pass insensibly into each other. Prof. Cooke has quite good 
specimens of the brown variety that came from Sparta, N. York, 
where it also occurs coating the corundum. 

Both varieties are evidently the products of the action of 
water containing alkaline silicates upon the corundum, and are 
more nearly related to pinite than to any other mineral species. 
For pinite, Dana gives the formula #), Si, H,3:4:1. For the 
white variety the ratio is 7: 5:1, while the reddish gives 3:4:1. 

Pattersonite—Of this mineral Dr. Lea says: ‘‘ Basal cleav- 
age imperfect, rarely if ever presenting a hexagonal prism, 
but disposed to present triangular plates which joining make a 
sub-tetrahedral mass. The lamine are not flexible and but 
slightly translucent. The color is metallic bluish gray, resem- 
bling zinc. The streak is grayish. Before the blowpipe parts 
with its water but does not exfoliate nor intumesce, With 
borax gives a black bead.” I found it to contain silica, iron, 
alumina, magnesia, potassa and water, with traces of soda and 


lithia. The potassa was determined by difference owing to the 
very small amount of the mineral at my command. 
1. 2. Mean. Oxygen. 

Sid, 30°20 30°20 16:11 

Fe,0, 14-88 wie 14:88 

Al,O, 20°48 20°61 

1 

1:19 1:38 1 28 0-48 

11°35 

1,0 11°80 11°66 11°78 10°43 


Ratio for k, Si. H, 1:5°7:66:43,; for (& ®), Si, 3:3: 2. 


* Sharples. 


Sp. gr. 3°203 

Oxygen. 

25°06 

15°50 

85 

1°69 

5'97 
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This analysis and ratio does not seem to agree with any of 
the hydrous silicates in Dana’s Mineralogy, and the species is 
therefore probably a new one. It occurs very sparingly im- 
planted upon Lesleyite, and like it, is most probably the product 
of the alteration of the corundum. 

I am indebted to Dr. Lea for specimens of all of these min- 
erals and for the use of his large specimens for comparison with 
each other. 

Cambridge, Mass., Jan. 8, 1869. 


Art. XXVIII.—On the Washing of Precipitates; by 
R. Bunsen.* 


A PRECIPITATE is washed either by filtration or by decanta- 
tion: in the former case the portion of liquid not mechanically 
retained is allowed to drain from the precipitate ; in the latter 
it is separated by simply pouring it away, the foreign substances 
contained in the precipitate being then removed by the repeated 
addition of some washing-fluid, in each successive portion of 
which the precipitate is, as tar as possible, uniformly suspended, 
this process being continued until the amount of impurity be- 
comes so minute that its presence may be entirely disregarded. 

Supposing v to represent the volume of the moist precipitate 
remaining at the bottom of the vessel after decantation, or 
upon the filtrate after filtration, V the volume of wash-water 
employed at each successive decantation, n the number of de- 


cantations, and the fraction expressing the proportion of the 


original amount of impurity still remaining in the precipitate 
after n decantations, then 


Calling W the total volume of wash-water resulting from n 


decantations, then 


therefore 


(1 +—) 
or W=nr(Va—1). . (8) 
If we differentiate W with respect ton and make the differ- 


* From Lond., Edin. and Dublin Phil. Mag., Jan. 1869. Translated from the 
Ann. der Chem. und Pharm, vol. exlviii, p. 269. 


\* 
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ential quotient equal to 0, then the minimum value of W be- 
comes, when n= oo, 


Precipitates obtained in the course of chemical analysis may 
in all cases be assumed to be sufficiently washed when the im- 
purity retained by them amounts to no more than the ;5,533 
part. Making therefore a = 100000 and v = 1, it results from 
equation (4) that the least quantity of fluid required in order 
to remove the impurity contained in a precipitate to the -3ss53 


10000060 


part, amounts to eleven and a half times the volume occupied 
by the precipitate itself in the liquid in which it exists. It is 
evident, therefore, that the amount of water actually necessary 
to wash a precipitate the more nearly approaches this minimum 
the oftener we decant, and the smaller the quantity of washing- 
water we employ at each decantation. 

Since some of the principal sources of error in analytical 
work consist in the incomplete or in the too protracted washing 
of precipitates, it becomes important to know how to ascertain 
the progress of the washing throughout the several stages of 
the process. By employing the same volume of water at each 
successive addition, and est mating its relation to that of the 
precipitate remaining at th bottom of the vessel or upon the 


| Ww | n | W. | Ven |weid | 
v v | | » | v 
05| 284 | 142 05) 267 | 133 | 24-4 | 122} 22-7 | 11-4 | 
1 | 166 | 166] 1 | 156 | 156 1 | 143) 143] 1 | 133) 13:3; 
2 105 | 210] 2 | 98) 197 | 2 | 90] 180} 2 84 | 16°8 | 
3 83 | 2449] 3 | 78] 23 | 3 | 2141 8 66 | 19-9 | 
4 71] 4 | 67 | 269 4 61 | 246 || 4 5-7 | 22-9 | 
5 64 | 5 6-0 | 302 | 5 55 | 276 5 | | 
6 | 59) 355] 6 | 56! 834] 6 | 51! 305] 6 | 47] 284} 
7 55 | 7 52 | 36-4 || 7 483 | 333], 7 44 | 31-0 | 
8 52 | 420] 8 4:9 | 39-4 | 8 45 | 361 || 8 42) 335 | 
9 50 | 450 || 9 47 | 423 | 9 43 | 387 9 40 | | 
10 48) 480] 10 | 45 45:1 || 10 41 | 413 10 3°83 | 38-4 | 
11 46 | 510 || 11 44/479 11 | 40) 438] 11 3-7 | 40°8 | 
2 4:5 | 53-9 || 12 42 | 506 | 12 | 39] 46-3 12 36 | 43-1 | 
13 | 564/18 | 41/ 533/13 | 388] 488] 13 | 35 | 45-4 | 
14 | 42) 594] 14 | 55°38 || 14 37) 14 | 475 | 
15 | 42 | 62:3 |) 15 39 | 585 || 15 36 | 53-6 || 15 33 | 49°8 
16 | 41 | || 16 38 | 611 116 | 35 56-0 16 3:3 | 
17 | 40) 67:3 || 17 3:7 | 686 17 | 384] 583 || 17 32 1 542 
18 | 39) 7-4 || 1s 37 | 661 118 | 341! 605] 18 | 3811] 563 
19 | 38 | 743 19 36 | 686 |} 19 | 33 | 62:8 19 | 31 | 58-4 | 


means of the formula above given, the number of times it is 


in the precipitate to the 504 OF part. 


S00009 20076 


filter, we can find from the following Table, calculated by 
necessary to decant in order to diminish the amount of an 
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Column I. shows the relation between the volume of the preci- 
pitate and that of the washing-water employed for each succes- 
sive decantation, column II. the number of decantations re- 
quired to diminish the amount of impurity to the necessary 
extent, and column III. the total volume of water obtained 
from the several decantations. 

When the washing-process is performed in a beaker, the rela- 
tion between the volume of the precipitate and that of the li- 
quid may be easily determined by holding a strip of paper along 
the side of the vessel and marking upon it the respective 
heights of the precipitate and supernatant liquid ; then on fold- 
ing the portion of paper lying between the two marks in such a 
manner that each fold corresponds to the height occupied by 
the precipitate, the number of folds will give the argument in 
column I. to find in column II. the number of decantations 
needed to wash to the required extent. If the washing be con- 
ducted as in the ordinary method of filtration, funnels possess- 
ing an angle of 60° must be invariably employed, and the capa- 
cities of the various-sized filters once tor all determined by 
means of a burette. After the precipitate has been brought 
upon the filter and allowed to drain, it is mixed as thoroughly 
as possible with water from a graduated washing-flask. Call 
the amount of water thus necessary to fill the filter, and the 


v0 
that is, the argument needed to find in column II the number 
of times it is necessary to refill the filter in order to wash the 
precipitate to the desired extent. 

I by far prefer using this Table to employing the method 
generally followed of ascertaining the completion of the wash- 
ing-process by evaporating a quantity of the filtrate on plati- 
num-foil, since in the latter case it is only possible to obtain an 
infallible proof when we have to deal with a precipitate possess- 
ing an extremely high degree of insolubility ; if the precipitate 
be soluble to any marked extent, the result is completely illu- 
sory. 

In the process of filtratidn as hitherto conducted, the time 
required is so long and the quantity of wash-water needed so 
great that some simplification of this continually recurring 
operation is in the highest degree desirable. The following 
method, which depends, not upon the removal of the impurity 
by simple attenuation, but upon its displacement by forcing 
the wash-water through the precipitate, appears to me to com- 
— the requisite conditions and therefore to satisfy the 
need, 


capacity of the empty filter Y, then a =V in column I : 
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The rapidity with which a liquid filters, depends, ceteris 
paribus, upon the difference which exists between the pres- 
sure upon its upper and lower surfaces. Supposing the filter 
to consist of a solid substance, the pores of which suffer no 
alteration by pressure or by any other influence, then the vol- 
ume of liquid filtered in the unit of time is nearly propor- 
tional to the difference in pressure: this is clearly shown by the 
following experiments, made with pure water and a filter con- 
sisting of a thin plate of artificial pumice-stone. The thin 
plate of pumice was hermetically fastened into a funnel consist- 
ing of a graduated cylindrical glass vessel, the lower end of 
which was connected with a large thick flask by means of a 
tightly fitting caoutchouc cork. The pressure in the flask was 
then reduced by rarefying the air by means of a method to be 
described upon another occasion ; and for each difference of 
pressure y, measured by a mercury column, the number of sec- 
onds ¢ was observed which a given quantity of water occupied in 
passing through the filter. The following are the results :— 


I, 
D. t. pt. 
meter. " 
0°179 91°7 16°4 
0°190 81°0 15°4 
0°282 52°9 14°9 
0°472 33'0 15°6 


In the ordinary process of filtration,p on the average 
amounts to no more than 0:004 to 0:008 meter. The advan- 
tage gained, therefore, is easily perceived when we can succeed 
by some simple, practicable and easily attainable method in 
multiplying this difference in pressure one or two hundred 
times, or, say, to an entire atmosphere, without running any 
risk of breaking the filter. The solution of this problem is 
very easy: an ordinary glass funnel has only to be so arranged 
that the filter can be completely adjusted to its sides even to 
the very apex of the cone, For this purpose a glass funnel is 
chosen possessing an angle of 60°, or as nearly 60° as possible, 
the walls of which must be completely free from inequalities of 
every description ; and into it is placed a second funnel made 
of exceedingly thin platinum-foil, and the sides of which pos- 
sess exactly the same inclination as those of the glass funnel. 
An ordinary paper filter is then introduced into this compound 
funnel in the usual manner ; when carefully moistened and so 
adjusted that no air-bubbles are visible between it and the 
glass, this filter, when filled with a liquid, will support the 
pressure of an extra atmosphere without ever breaking. 

The platinum funnel is easily made from thin platinum-foil 
in the following manner :—In the carefully chosen glass funnel 


R. Bunsen on the Washing of Precipitates. 325 


is placed a perfectly accurately fitting filter made of writing- 
paper; this is kept in position by dropping a little melted seal- 
ing-wax between its upper edge and the glass; the paper is 
next saturated with oil and filled with liquid plaster of Paris, 
and before the mixture solidifies a small wooden handle is 
placed in the center, After an hour or so the plaster cone 
with the adhering paper filter can be withdrawn by means cf 
the handle from the funnel, to which it accurately corresponds. 
The paper on the outside of the cone is again covered with oil, 
and the whole carefully inserted into liquid plaster of Paris 
contained in a small crucible 4 or 5 centims. in height. After 
the mixture has solidified, the cone may be easily withdrawn ; 
the adhering paper filter is then detached, and any small 
pieces of paper still remaining removed by gently rubbing with 
the finger. In this manner a solid cone is obtained accurately 
fitting into a hollow cone, and of which the angle of inclination 
perfectly corresponds with that of the glass funnel. 

Fig. 1 represents the cones. By their help the small plati- 
num funnel is made. A piece of platinum (fig. 2 shows the 
natural size)* is cut from foil of such a thickness that one 
square centimeter weighs about 0°154 grm., and from the cen- 
ter a a vertical incision is made by the scissors to the edge cbd. 
The small piece of foil is next rendered pliable by being 
heated to redness, and is placed upon the solid cone in such a 
manner that its center a touches the apex of the latter ; the sides 
abd are then closely pressed upon the plaster, and the remain- 
ing portion of the platinum wrapped as equally and as closely 
as possible around the cone. On again heating the foil to red- 
ness, pressing it once more upon the cone, and inserting the 
whole into the hollow cone and turning it round once or twice 
under a gentle pressure, the proper shape is completed. The 
platinum funnel, which should not allow of the transmission of 
light through its extreme point, even now possesses such sta- 
bility that it may be immediately employed for any purpose. 
If desired, it may be made still stronger by soldering down the 
overlapping portion in one spot only to the upper edge of the 
foil by means of a grain or two of gold and borax ; in general, 
however, this precaution is unnecessary. If the shape has in 
any degree altered during this latter process, it is simply 
necessary to drop the platinum funnel into the hollow cone 
and then to insert the solid cone, when by one or two turns of 
the latter the proper form may be immediately restored. The 
platinum funnel is placed in the bottom of the glass funnel, 


* The size of this cut has been reduced about one third. The diameter of 
fig. 2, in the original drawing, is 2°5 millimeters.—Eps. 
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the dry paper filter then introduced in the ordinary manner, 
moistened, and freed from all adhering air-bubbles by pressure 
with the finger. A filter so arranged and in perfect contact 
with the glass, when filled with a liquid will support the pressure 
of an entire atmosphere without the least danger of breaking ; 
and the interspace between the folds of the platinum-foil is 
perfectly sufficient to allow of the passage of a continuous 
stream of water. 


In order to be able to produce the additional pressure of an 
atmosphere, the filtered liquid is received in a strong glass 
flask instead of in beakers.“ This flask is closed by means 


* These flasks must be somewhat thicker than those ordinarily used, in order 
to prevent the possibility of their giving way under the atmospheric pressure. 
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of a doubly perforated caoutchouc cork, through one of the 
holes of which the neck of the glass funnel is passed to a depth 
of from 5 to 8 centimeters (fig. 3); through the other is fitted 
a narrow tube open at both ends, the lower end of which is 
brought exactly to the level of the lower surface of the cork, to 
the other is adapted the caoutchouc tube connected with the 
apparatus (fig. 4) destined to produce the requisite difference in 
pressure: this apparatus will be described immediately. The 
flasks are placed in a metallic or porcelain vessel (fig. 3), in 
the conical contraction of which several strips of cloth are 
fastened. This method of supporting the flask has the advan- 
tage that, in one and the same vessel, flasks varying in size 
from 0°5 to 2°5 liters stand equally well, and that, by simply 
laying a cloth over the mouth of the vessel, the consequences 
of an explosion (which through inexperience or carelessness is 
possible) are rendered harmless. 

It is impossible to employ any of the air-pumps at present 
in use to create the difference in pressure, since the filtrate not 
unfrequently contains chlorine, sulphurous acid, hydric sul- 
phid, and other substances which would act injuriously upon 
the metallic portions of these instruments. I therefore employ 
a water air-pump constructed on the principle of Sprengel’s 
mercury-pump, and which appears to me preferable to all other 
forms of air-pump for chemical purposes, since it effects a 
rarefaction to within 6 or 12 millimeters pressure of mercury. 

Fig. 4 shows the arrangement of this pump. On opening 
the pinchcock a, water flows from the tube / into the enlarged 
glass vessel 6, and thence down the leaden pipe c. This pipe 
has a diameter of about 8 millims., and extends downward to 
a depth of 30 or 40 feet, and ends ina sewer or other ar- 
rangement serving to convey the water away. The lower end 
of the tube d possesses a narrow opening ; it is hermetically 
sealed into the wider tube b, and reaches nearly to the bot- 
tom of the latter. A manometer is attached to the upper con- 
tinuation of this tube d by means of a side tube at d' ; at d? 
is attached a strong thick caoutchouc tube possessing an in- 
ternal diameter of 5 millims. and an external diameter of 12 
millims.; this leads to the flask which is to be rendered vacu- 
ous, and is connected with it by means of the short narrowed 
tube k. Between the air-pump and the flask is placed the 
small thick glass vessel f, in which, when one washes with hot 
water, the steam which may be carried over is condensed. All 
the caoutchouc joinings are made with very thick tubing, the 
internal diameter of which amounts to about 5 millims., the 
external diameter to about 17 millims. The entire arrange- 
ment is screwed down upon a board fastened to the wall, in 


| 
| 


328 R. Bunsen on the Washing of Precipitates. 


such a manner that each separate piece of the apparatus is 
held by a single fastening only, in order to prevent the tubes 
being strained and broken by the possible warping of the 
board. On releasing the pinchcock a, water flows from the 
conduit 7 down the tube c toa depth of more than 30 feet, 
carrying with it the air which it sucks through the small open- 
ing of the tube d in the form of a continuous stream of bub- 
bles. No advantage is gained by increasing the rapidity of 
the flow, since the friction exerted by the water upon the sides 
of the leaden pipe acts directly as a counter pressure, and a 
comparatively small increase in the rapidity of the flow is ac- 
companied by a great increase in the amount of this friction. 
Accordingly at g is a second pinchcock, by which the stream 
can be once for all so regulated that, on completely opening 
the cock a, the friction, on account of the diminished rate of 
flow, is rendered sufficiently small to allow of the maximum 
degree of rarefaction, Such an apparatus, when properly reg- 
ulated once for all by means of the cock g, exhausts in a com- 
paratively short time the largest vessels to within a pressure 
of mercury equal to the tension of aqueous vapor at the 
temperature possessed by the stream.* The tension exerted 
by the water-stream in my laboratory, in which six of these 
pumps are used, amounts to about 7 millims. in winter and 10 
millims. in summer, The filtration is made in the following 
manner: The flask standing in the metallic or porcelain vessel 
(fig. 3) is connected by means of the slightly drawn-out tube 
k with the caoutchouc tube h attached to the pump, the cock a 
having been previously opened and the properly fitted moistened 
filter filled with the liquid to be filtered. As usual, the clear 
supernatant fluid is first poured upon the filter; in a moment 
or two the filtrate runs through in a continuous stream, often 
so rapidly that one must hasten to keep up the supply of liquid, 
since it is advisable to maintain the filter as full as possible, 
After the precipitate has been entirely transferred, the filtrate 
passes through drop by drop, and the manometer not unfre- 
quently now shows a pressure of an extra atmosphere. The fil- 
ter may be filled (in fact this is to be recommended) with the pre- 
cipitate to within a millimeter of its edge, since the precipitate, 
in consequence of the high pressure to which it is subjected, 
becomes squeezed into a thin layer broken up by innumerable 
fissures. As soon as the liquid has passed through and the 
first traces of this breaking up become evident, the preci- 
pitate will be found to have been so firmly pressed upon the 


* The time required to obtain the above degree of exhaustion in a flask of 
from 1 to 3 liters capacity ranges from six to ten minutes; the quantity of water 
necessary amounts to about 40 or 50 liters. 
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paper, that on cautiously pouring water over it it remains 
completely undisturbed. The washing is effected by carefully 
pouring water down the side of the funnel to within a centi- 
meter above the rim of the filter: the washing flask for this 
purpose is not applicable ; the water must be poured from an 
open vessel, After the filter has in this manner been replen- 
ished four times with water and allowed to drain for a few 
minutes, it will be found to be already so far dried, in conse- 
quence of the high pressure to which it has been subjected, 
that without any further desiccation it may be withdrawn, to- 
gether with the precipitate, from the funnel, and immediately 
ignited, with the precautions to be presently given, in the 
crucible. 

If the porosity of a paper filter containing a precipitate 
were as unalterable as that of a pumice-stone filter, the experi- 
ments above described would show that the times required for 
filtration, according to the old method on the one hand, and 
the new one on the other, would be inversely proportional 
to the difference in pressure in each case; that is, by using 
the pump under the full pressure of about 740 millims., the 
time needed to wash a precipitate, occupying by the old process 
an hour, would at the utmost not amount to more than 30 
seconds. In using these pumice filters (about which I will 
speak presently) to drain crystals from adhering mother li- 
quors, or, say, to wash crystals of chromic acid by means of 
concentrated sulphuric acid and fuming nitric acid, the time 
occupied in the filtration is scarcely longer than that needed 
to pour a liquid slowly from one vessel to another. In filter- 
ing by means of paper, the precipitate gradually closes up the 
pores of the filter, and accordingly such an extraordinary ac- 
celeration as this can no longer be expected. But the follow- 
ing examples will show the saving of time and labor the meth- 
od effects, even under all unfavorable conditions. For these 
experiments I have purposely chosen the hydrated chromium 
sesquioxyd, since it is one of the most difficult of precipitates 
to wash thoroughly, A solution of chromium chlorid was pre- 
pared by acting with fuming hydrochloric acid upon potassium 
dichromate ; and by means of a measuring-vessel, which al- 
lowed the amount of chromium to be estimated to within 
0:0001 grm., successive portions of the liquid were withdrawn, 
and the chromium oxyd contained in them precipitated with 
the usual precautions by ammonia. The volume of liquid, 
the quantity of ammonia employed, the time occupied in boil- 
ing and in permitting the precipitate to settle, the angle of 
inclination possessed by the funnel, and the size of the filter 
were the same in all the experiments. All the precipitates 

Am. Jour. Sc1.—SEconp Serizgs, Vou. XLVII, No. 141.—Mar, 1869, 
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were washed with hot water, and, after burning the filter, igni- 
ted over the blowpipe for a few minutes; in weighing, the 
platinum crucible was tared by one of about equal weight, 
and the position of equilibrium of the beam determined by 
vibrations. 

I first attempted to filter one of the precipitates in the or- 


dinary way. z amounted to 2; and consequently, from the 


table, 8°4 fresh additions of water were required in order to 
wash the precipitate to the ;;1;; part. The times required 
were as follows :— 
In transferring the precipitate from the beaker ) 4), 
0 
and allowing it to drain - 
For the first addition of water to run through, 48 


“second 70 
Total length of time - -_— - 238 


At this point the experiment was discontinued, as the fil- 
trate became turbid. A second experiment failed from the 
same cause. 

Accordingly I attempted to wash the precipitate by decan- 
tation. The volume of the precipitate amounted to about 30 
cub, centims.; the quantity of water required to fill the beaker 


was seven times the volume of the precipitate; hence x was 7, 
v 


and the requisite number of decantations to reduce the amount 
of impurity to the ;;3;,5 part was 52. The times observed 


60000 
were as follows :— 


Il. 
For the first decantation to run through the filter... 15’ 
third (74 18 
“ fifth 18 
In transferring the precipitate to the filter .......-- 30 
Time required in washing -.....-.----.- 108 
Weight of the precipitate -.......---- 0°2458 grm. 
Volume of wash water nV -.....----- 1050 cub. centims. 
Il. 


Experiment repeated. Number of decantations 7. Other cir- 
cumstances the same as in the foregoing determination. 
Time required in washing -........- 140’ 
Weight of the precipitate -......... 0°2452 orm. 
Volume of wash-water ............- 1200 cub. centims, 
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IV. 
After ten decantations. 
Time required in washing ----.----- 180’ 
Weight of the precipitate Saennakednae 0°2443 orm. 


By filtration with the platinum cone and the pump the follow- 


ing results were obtained :— 


In transferring the precipitate to the filter (17 cub. cen- 6’ 


For the first addition of water (25 eub. cent.) to run through, 2 


“ second 3 
“ thir d “ 2 
fourth “ 2 
In draining the precipitate ..............-.-...----.... 2 
19 
- Weight of precipitate ...-.------- 0°2435 orm. 
Volume of wash-water ....------. 142 cub. centims, 
Pressure of manometer ....------- 0°576 meter. 


VI. 
In transferring the precipitate and allowing the water (18 cub. 


For the first addition of water (25 cub. cent. ) to run through, 


second 
Weight of precipitate: .....------ 0°2434 orm. 
Volume of wash-water.....------ 118 cub. centims. 
Vil, 


In transferring the precipitate and allowing the water (20 


For the first addition of water (25 cub. cent. ) to run through, 


second 
Weight of precipitate.......----- 0°2432 grm. 
Volume of wash-water-.-.-------- 95 cub. centims. 


4 
5 
5 
5 


4’ 
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VIL. 
In transferring with 25 cub. centims. of water ......---.-- 8’ 
For the first addition of 25 cub. centims. to run through -.. 5 
For the second addition of 25 cub. centims. to run through. 5 
21 
Weight of 0°2435 grm. 
Volume of wash-water.....--.---- 72 cub. centims. 
IX. 
In transferring with 15 cub. centims. of water and allow- "! 
For a single addition to run through..-...-.------------ 3 
In Graining the precipitate 2 
Weight of precipitate..........------ 0°2439 grm. 
Volume of wash-water.........---..- 41 cub. centims. 
X. 


In transferring the precipitate with 13 cub. centims. of water, 5’ 
For a single addition of water (26 cub, cent.) torun through, 8 


Weight of 0°2439 orm. 
Volume of wash-water».......-..---- 39 cub. centims. 
0°530 meter. 


In washing, by means of decantation, in the ordinary manner, 
the amounts of chromium sesquioxyd found were as follows:— 


grm. 
II. 0°2458, after 5 decantations, washed to the sg$y, part. 
TI. 0°2452 7 000 part. 
IV.02448 “ 10 “ 4s Part. 


0°2451 mean. 
By the use of the pump:— 


™. 

V. 02435, after 5 additions of water, 
VI. 0°24384 “ 4 “ 
VIL 02432 “ 8 

VIII. 0°2435 “ 2 

IX. 0°2439 “ 1 addition of water. 

X. 02439 “ 1 


0°2436 mean. 
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Hence the probable amount of chromium sesquioxyd con- 
tained in the solution, according to the experiments with the 
pump, was 0:2436 grm. : according to the old method of decan- 
tation it was somewhat higher, namely 02451 grm. This ex- 
cess of 1:5 milligram shows that the adhesion of the soluble 
matters to the precipitate and to the filter is, in consequence 
of the greater pressure, more easily overcome in the new 
method than in the customary process; it follows, therefore, 
that we can obtain a more complete washing by the new method 
than by the old. The old process of decantation required 108 
minutes and 1050 cub. centims. of water to effect a washing to 
the 55355 part; the new, on the contrary, only 12 to 14 min- 
utes, and not more than 39 to 41 cub. centims. of wash-water. 
If a precipitate be heated in a platinum crucible immediately 
after filtration by the older process, a portion will inevitably 
be projected out of the crucible. Hitherto, therefore, it has 
been necessary to dry the filter and precipitate before ignition. 
Now to dry a quantity of hydrated chromium sesquioxyd con- 
taining 02436 grm. Cr?Q? in a water-bath at 100° C. requires 
at least five hours ; and, moreover, bringing the dried precipi- 
tate into the crucible, burning the filter, and gradually igni- 
ting the mass is in the highest degree tedious and troublesome. 
All this expenditure of time and labor may be saved by em- 
ploymg the new method. By its means a precipitate is as 
completely dried upon the filter in from 1 to 5 minutes as if 
it had been exposed from 5 to 8 hours ina drying-chamber ; and 
it can immediately, filter and all, be thrown into a platinum or 
porcelain crucible and ignited without the slightest fear of its 
spurting. By operating in the following manner the filter 
burns quietly without flame or smoke; this phenomenon, al- 
though remarkable, easily admits of an explanation. The 
portion of filter-paper free from precipitate is tightly wrapped 
round the remainder of the filter in such a manner that the 
precipitate is enveloped in from four to six folds of clean paper. 
The whole is then dropped into the platinum or porcelain cru- 
cible lying obliquely upon a triangle over the lamp, and pushed 
down against its es with the finger. The cover is then sup- 
ported against the mouth of the crucible in the ordinary way, 
and the ignition commenced by heating the portion of the 
crucible in contact with the cover. When the flame has the 
proper size and position, the filter carbonizes quietly without 
any appearance of flame or considerable amount of smoke. 
When the carbonization proceeds too slowly, the flame is 
moved a little toward the bottom of the crucible. After some 
time the precipitate appears to be surrounded only by an ex- 
tremely thin envelop of carbon, possessing exactly the form 
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(of course diminished in size) of the original filter ; the flame 
is then increased, and the crucible maintained at a bright-red 
heat until the carbon contained in this envelop is consumed. 
The combustion proceeds so quietly that the resulting ash sur- 
rounding the precipitate possesses, even to the smallest fold, 
the exact form of the original filter. If the ash shows here 
and there a dark color, it is simply necessary to heat the cruci- 
ble over the blowpipe for a few minutes to effect the complete 
removal of the trace of carbon. This method of burning a filter 
is extremely convenient and accurate ; itis only necessary to 
give a little attention at first to the slow carbonization of the 
paper, after which the further progress of the operation may 
be left to itself. 

Gelatinous, finely divided, granular, and crystalline precipi- 
tates, such as alumina, calcium oxalate, barium sulphate, sil- 
ica, magnesium ammonium phosphate, &c., may with equal 
facility be treated in this manner ; so that even in this partic- 
ular the work, in comparison with the method generally 
adopted, is considerably shortened and simplified. 

From the above experiments it appears that the time neces- 
sary to filter and dry a quantity of chromium sesquioxyd, hith- 
erto requiring about 7 hours, is reduced by the new method to 
13 minutes. This saving of time is, moreover, proportionately 
greater in the case of precipitates more easily filtered thar hy- 
drated chromium sesquioxyd. Particularly is this so in sepa- 
rating a finely suspended precipitate from a large volume of 
water. Under these circumstances the clear fluid runs through 
the filter in a continuous stream, so rapidly that it is scarcely 
possible to maintain the supply ; the entire operation, in fact, 
requires scarcely more time than that necessary to pour a liquid 
from one vessel to another. Filtration, therefore, may be ef- 
fected as quickly through the smallest as through the largest 
filter. Moreover the exceedingly small amount of water re- 
quired to wash a precipitate completely renders unnecessary 
the tedious evaporations which by the older method are almost 
inevitable when the filtrate is needed for a further separation. 
Thus the introduction of impurities from the action of the 
liquid upon the dish in the course of evaporation is prevented ; 
and also the loss due to the slight solubility of the greater 
number of precipitates in the wash-water is reduced to a mini- 
mum. Supposing we had to analyze an alkaline chromate in 
which the quantity of chromic acid is equivalent to 0°2436 grm. 
chromic sesquioxyd, as in the above described experiments, then 
to determine the proportion of alkali we should, by using the 
older method, require the preliminary evaporation of about 
1050 cub. centims. of liquid ; by the new method the evapora- 
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tion of 40 cub. centims. only is necessary. Now by employing 
the best form of water-bath, i. ¢., one possessing a constant 
water-level, such as is used in my laboratory, it is possible, 
under favorable circumstances, to evaporate in a porcelain dish 
1 cub. centim. of water in 27 seconds. Consequently the evapo- 
ration of the filtrate obtained by the older method would 
occupy about eight hours, whilst by the new 18 minutes only 
are required. The total length of time needed to filter the 
chromium sesquioxyd, wash and dry the precipitate, and evapo- 
rate the filtrate is reduced, therefore, from 14 or 15 hours to 
about 32 minutes. 

The experience I have subsequently gained in my laboratory, 
where the method has been in general use for the last nine 
months, fully confirms the above results. It has shown that, 
on the average, three or four analyses can now be made in the 
time formerly demanded by a single one. 

Another and an inestimable advantage springs from the 
peculiar condition of a precipitate filtered by this method, It 
not unfrequently happens, even in the hands of experienced 
manipulators, in consequence of the agitation it is necessary to 
give to the contents of the filter to effect their complete wash- 
ing, that the surface of the filter becomes injured and torn, so 
that the precipitate becomes mixed with filaments of paper ; 
this is particularly the case in using hot water, Supposing the 
precipitate to consist of mixed hydrates of the sesquioxyds (for 
example, iron and alumina), it will be found, on redissolving 
in an acid, that the filaments, like tartaric acid, prevent the 
complete separation of these substances by subsequent precipi- 
tation ; thus the alumina will contain iron, and on precipita- 
tion by means of ammonium sulphid will be colored black. On 
the other hand, by employing the new method the precipitate 
coheres so firmly that the introduction of this source of error is 
impossible, even by using common gray filter-paper. The most 
gelatinous precipitates, as hydrated ferric oxyd, alumina, &c., 
adhere to the filter in a thin coherent layer, and may be removed, 
piece after piece, so completely that the paper remains perfectly 
clean and white. The advantage thus gained where it is neces- 
sary to transfer mixed precipitates to another vessel in order 
to effect their subsequent separation is evident. 

The filter-pump, moreover, is exceedingly serviceable in sepa- 
rating precipitates or crystals from syrupy mother-liquors, 
Thus honey-sugar may be so completely separated from the 
thick viscid liquid in which it forms by a filter of coarse gray 
paper, that it remains only slightly colored, and by a single 
crystallization from alcohol may be obtained in small white 
shining needles, And since the bulk of the moist precipitates, 
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particularly that of the more gelatinous, is so much diminished 
under the high pressure, the precipitate only occupying one- 
third to one-sixth of its bulk under ordinary circumstances, a 
filter of one-third to one-sixth of the size usually employed 
may be taken, and thus the amount of ash proportionately 
essened, 

As the water air-pump suffers no injury from the presence of 
corrosive vapors or gases, we can equally well employ it to fil- 
ter liquids containing nitrous acid, sulphurous acid, fuming 
nitric acid, chlorine, bromine, volatile chlorids, &c. In such 
cases I use a peculiar filtering arrangement, consisting of a 
cylindrical glass vessel, the lower end of which is drawn out 
before the blowpipe to the form shown in fig. 5 ; in this drawn- 
out portion a thin plate, 1 or 2 millims. in thickness, of arti- 
jficial pumice, such as is used by polishers, is packed water- 
tight by means of asbestos, This apparatus is arranged for 
the purpose required exactly as the funnel in the method of 
filtration by pressure above described. In order to have a 
number of these filters in readiness, a pumice-stone cylinder of 
the required diameter is turned in a lathe, and then the thin 
plates sawn off by means of a small hand-saw in the small 
wooden support shown in fig. 6, The upper surfaces of the 
plates may afterwards be rendered perfectly even by a coarse 
file. 

By the aid of these pumice-stone filters many chemical pro- 
ducts may be made, the preparation of which has hitherto been 
almost impossible. For the sake of example I take the prepa- 
ration of pure dry chromic anhydrid ; in an hour it is easily 
possible to filter, wash, and dry crystals of this substance an 
inch in length. A solution of two parts of potassium dichro- 
mate in 20 parts of water mixed with ten parts concentrated 
sulphuric acid, deposits, after standing about 24 hours, nume- 
rous brilliant needles of chromic anhydrid. These may be 
drained from adhering mother-liquor upon the pumice filter by 
means of the pump, and in a few minutes completely washed 
by asmall quantity of fuming nitric acid free from nitrous acid. 
A covering of tolerably strong sheet copper provided with two 
arms, as shown in fig. 5, is then placed around the tube ; by 
hanging lamps upon the arms the tube may be readily heated 
to about 60° or 80° C. ; and by connecting a chlorid-of-calcium 
tube with the upper end of the glass vessel, a current of dry 
air may be drawn through the apparatus by means of the pump, 
and thus in a comparatively short time large and brilliant 
crystals of chromic anhydrid, perfectly dry and free from all 
impurity, may be easily obtained. 

A single pump of the above description costs, including the 
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leaden piping, about 8 thalers (24 shillings) ; and experience 
has shown that five or six are amply sufficient for a laboratory 
of fifty or sixty students. The apparatus, as may readily be 
seen, can be applied in the operation of evaporating in vacuo ; 
if, however, circumstances will not permit of its being adapted 
to this purpose, then a fall of 10 or 15 feet is sufficient to fil- 
ter a precipitate according to the above described method, and 
so far to dry it that it can be immediately ignited in the cruci- 
ble. It is therefore not absolutely necessary to employ an air- 
pump in this process of filtration ; any apparatus producing a 
difference of pressure amounting to a quarter of an atmosphere 
is sufficient. The simple arrangement represented in fig. 7 is 
very useful, and is frequently employed in my laboratory. It 
consists of two equal-sized bottles, a and a’, of from 2 to 4 
liters capacity, each of which is provided near the bottom with 
a small stopcock designed to regulate the flow of water. Sup- 
pose a@ filled with water and placed upon a shelf as high above 
the ground as possible and a’ placed empty on the floor, and 
the two stopcocks connected by means of caoutchouc tubing c, 
then on allowing water to flow down the tube the air in the 
upper bottle becomes somewhat rarefied ; and in order to em- 
ploy the consequent difference in pressure (amounting to a col- 
umn of mercury about 0:2 meter in height) for the purpose of 
filtration, it is only necessary to connect the mouth of the up- 
per bottle with the tube of the filter-flask, When the water 
has ceased to flow, the position of the bottle is reversed, when 
the operation recommences. So small a pressure as 0:2 meter 
suffices to render the filter and its contents so far dry that they 
may be immediately withd:awn from the funnel and ignited 
without any other preliminary desiccation. The following ex- 
periment,made with a portion of the same solution of chromium 
used in the former determinations, will serve to show the 
saving of time effected by this simple arrangement :— 


XI. 

Transferring the precipitate with 14 cub. ) 14! 
For a single addition of 26 cub. centims. | - 
of wash-water to run 
To drain the precipitate_--..--...------- 4 

Time required in washing...---.-.----- 25 
Weight ot the precipitate. 0°2435 grm. 
Volume of wash-water------ 40 cub. centims. 
Pressure in 0°184 meter. 


This amount of chromium sesquioxyd (02435 grm.) differs 
from the mean of the former experiments (0'2436 grm.) by one- 
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tenth of a milligram only, and shows that even by a pres- 
sure of 0°184 meter the washing is as complete by the single 
addition of 26 cub. centims. of water. The duration of the 
filtering process in the former experiments ranged from 12 to 
14 minutes under a difference of pressure amounting to from 
0°53 to 0°572 meter ; in the last experiment it required 25 min- 
utes under a pressure of 0°184 meter, or about double the 
length of time. The time needed to analyze potassium chro- 
mate in the former case was reduced from 14 hours to 32 min- 
utes ; by the latter method the reduction would be from 14 
hours to 44 minutes. 

The employment of the second method is particularly to be 
recommended to beginners in qualitative analysis, The experi- 
menter needs only a single funnel, he is obliged to work care- 
fully and cleanly, and the great saving of time and work amply 
compensates for the little trouble needed to reverse from time 
to time the position of the bottles, 

I believe that the above-described water air-pump will svon 
become an indispensable piece of apparatus in chemical labora- 
tories. It not only serves as the most convenient method of 
producing the differences in pressure required to accelerate the 
process of filtration, and of obtaining the necessary vacuum 
for evaporation ; it is equally adapted to purposes to which 
neither the mercury nor the ordinary pumps are in any way 
applicable. By its aid it is possible to calibrate a thermometer 
with the greatest accuracy, and to estimate the vapor-tension 
of such corrosive bodies as bromine, chromy! dichlorid, &c., 
by the simplest method possible, in which the necessary opera- 
tions require scarcely more time than an ordinary determination 
of a boiling-point. 

I purpose returning to these applications of the instrument 
in a future communication. 


Art. XXIX.—Note upon the origin of the Phosphatic Forma- 
tion; by C. U. SHeparp, Sr. 


ConcERNING the origin of this extensive formation, several 
explanations suggest themselves. Among thes? the best answer- 
ing the purpose at present is perhaps the supposition, that the 
great Carolina Eocene bed of shell-marl on which it rests, form- 
erly, and for a long period, protruded many feet above the present 
sea-level, giving rise to a luxuriant soil (analogous to that now 
existing over portions of some of the guano islands and shores) 
and which was then depressed beneath the sea, where it under- 
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went those changes that have resulted in the present formation. 
For the superabundance of the phosphate of lime in the soil 
supposed, we would point to the deposition of bird-guano as it 
is now going on upon the Musquito coast of the Caribbean sea. 
A layer of such soil, clothed with an abundant vegetation of 
from three to five feet in thickness, and nearly submerged, and 
afterwards becoming more or less covered with sand, in the 
absence of strong tidal action and oceanic currents (and these 
may have been precluded by shoals and even land in a seaward 
direction) would give rise to enormous quantities of carbonic 
acid, whereby the carbonate of lime of the soil and of portions 
of the upper layer of the marl itself would be withdrawn, and 
thus permit the segregation of the phosphate of lime into nod- 
ules or even into an imperfect stratum. The alumina and oxyd 
of iron would be precipitated upon, and among the phosphate 
everywhere as we find them, mingled also with considerable 
qvantities of siliceous matter. The sulphate of lime which 
occurs intimately distributed through the phosphatic masses, 
may be supposed to have originated by double decomposi- 
tion through the meeting of sulphate of soda and chlorid of 
calcium, The carbonate of lime present in the nodular phos- 
phate, would be looked for, as the residuum of that belonging 
to the soil and the marl, which the free carbonic acid was in- 
adequate to dissolve. Meanwhile the deposit would be enriched 
from the precipitation out of the supernatant waters, of the 
osseous remains of fishes and other marine animals; and to 
some extent also by those from the land, which the rivers might 
bring into the estuary. 

The nodular phosphates from some portions of the formation 
strikingly resemble in their color, hardness and specific gravity, 
the stone-guano (pyroclasite) of Mong’s island in the Carib- 
bean sea ; and like it, decrepitate violently when heated. The 
Caribbean mineral is known to originate in sea birds, as the 
process of its formation is still in progress at many places on 
the Musquito coast. It is not unreasonable therefore, to ascribe 
the origin of our phosphatic formation partly to the same cause, 
at least under the modifications above pointed out. 

A reason why the nodular layer is interrupted in its lateral 
extent may be, that the original surface, prior to its submer- 
sion, was not everywhere sufficiently above the sea-level to give 
rise to a soil abounding in organic matter. There probably 
existed lagoons, whose bottoms were free from the phosphatic 
deposits, which, in some instances, may correspond to the 
places where these are wanting, as well as to the ferruginous 
sand-layer, at Port Royal*on St. Helena, Pinckney Island, and 
other localities, where the stratum of the nodular phosphate 
appears to find its equivalent in this latter formation. 
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It is certainly a striking fact, that no remains of plant or 
animal, then in process of growth, have been detected within 
the nodular layer, The nodules merely contain occasional casts 
and imprints of the fossils belonging to the Eocene bed on 
which it rests. The condition of the waters, either as to what 
they held in solution or from their temperature, appear to have 
been incompatible with organic life. Even the remains of fishes 
and sea-tortoises, whose detached bones are so frequent, would 
seem to have belonged to individuals accidentaly caught within 
the land-locked area when the changes of level along the coast 
occurred, 

In some instances, where the nodules are small (from two to 
six inches in diameter), they have evidently been subjected to 
slight attrition, and assume the appearance of water-worn peb- 
bles, reminding the observer strikingly of diluvial drift. A nearer 
inspection, however, soon satisfies him that they have merely 
been subjected to a partial movement, for a slight distance back- 
ward and forward, by wave action, without breaking up the gen- 
eral continuity of the layer, or much influencing its thickness in 
any one place. Nor is this appearance maintained over more 
than a few acres, when the usually tuberose and deeply pitted 
surfaces of the masses reoccur, . At St. Helena, on the beach, 
opposite Port Royal city, at half tide level, there occurs a 
highly interesting patch of fluvio-litoral marl, two or three 
feet in thickness, containing 45 per cent carbonate of lime, and 
literally filled with the blanched but perfectly preserved shells 
of the following genera :—Planorbis, Physa, Auricula, Nassa, 
with a few Columellas. This formation appears to be more 
recent than that of the phosphatic nodules, which however is 
here wholly wanting, unless the outcrop of the ferruginous 
sand, occurring at a little distance to the south of the marl, at 
or near low water level, be regarded as the equivalent of the 
nodules. At any rate, it is clear that the marl has not been 
subjected to the corrosive or solvent agency so apparent upon 
the superior layer of the Eocene. The freshwater marl above 
mentioned has its interest hightened by containing the gigantic 
skeleton of a mastodon, brought to light about a year ago, by 
Capt. Charles Boutelle, of the Coast Survey, and by him gen- 
erously contributed to my geological museum in Amherst Col- 
lege. A further account of its discovery may soon be looked 
for in this Journal, 
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Art. XXX.—A Point in the Geology of Western Vermont; 
by the Rev. J. B. Perry. 


Proposine to touch briefly, in a series of short articles, on 
a few prominent features in the geological structure of West- 
ern Vermont, as my first point I send for insertion in the 
Journal of Science, an extract from one of a course of Univer- 
sity Lectures, which I am now delivering in the Museum of 
Comparative Zoology, at Harvard College, on the Geology of 
the Basin of Lake Champlain. 

There is a series of sedimentary rocks in Western Vermont, 
which were many years ago described by Dr. Emmons, and by 
him termed Taconic. They lie, for the most part, on the east 
of easily-recognized Lower Silurian formations lining the shore 
of the Lake, in the southern part of the Champlain Basin, and 
themselves constitute its border in the more northerly portions 
of the State. The beds composing the eastern limits of this 
range of rocks may be found situated, to a large extent, along 
the base of the Green Mountains. The width of the entire 
range is from eight or ten to some fifteen or twenty miles, it 
varying somewhat in different parts of the Basin. These rocks 
seem to constitute several distinct groups or divisions. The 
serjes, which is apparently the oldest, lies on the east, and 
consists, first, of Talcose or Talcoid Slates, accompanied by 
Quartzites and Conglomerates; next, of calcareous beds 
known as Stockbridge Limestone ; and, finally, of Talcose or 
Talcoid Slates. The second series comprises at least two 
main sections. Starting from the west we have, first, the 
Black Slates, or the Swanton Group, which includes thin beds 
of sandstone and limestone, Proceeding eastward, in appa- 
rently ascending order, we encounter the Brown Slates, or the 
Georgia Group, which also contains thin beds of interstratified 
sandstone and limestone, and is capped on the east by a con- 
glomerate. Along the western portion of this series there is a 
band of Red Sandstone running northerly and southerly which 
has come during the past few years to be regarded with cer- 
tainty as of Potsdam age. 

Now, these formations, according to a view which has been 
very widely prevalent, are made up of Lower Silurian rocks, 
which have been largely affected by heat, their structure 
having been more or less effaced, and their organic remains 
either obliterated, or, to a considerable extent, obscured. We 
are, accordingly, invited to look at the formations in question, 
for a few moments, that we may see how far this theory is 
sustained by facts. 
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It may be remarked, in a preliminary way, that traces of 
metamorphic action are by no means so often met with in 
these rocks, as the hypothesis implies. That some portions of 
these beds have undergone changes, under the agency of heat 
both dry and moist, in connection with pressure, galvanism, 
and the like, is undoubtedly the fact. But these instances of 
metamorphism are local, and by no means such as to obscure 
the character of the whole series of rocks, or utterly destroy 
the fossil remains. 

With this preliminary remark we may proceed to examine 
the thickness of these formations, 

Doing this, we shall be able to see how they correspond, in 
this respect, with the Champlain or Lower Silurian Series. 
Beginning with the inferior members of the Taconic we find 
the Talcoid Slates with Quartzites and Conglomerates to be, 
according to President Hitchcock, 1,200 feet in thickness. It 
should be added that the pebbles which go to make up the 
Conglomerate consist of Gneiss, of Schist, and fragments of 
other rocks, which, perhaps, belong to a pre-sedimentary age. 
The thickness of the Stockbridge Limestone may be well esti- 
mated in Danby Mountain, more recently known as Mount 
Eolus. These calcareous beds, varying little in that locality 
from a horizontal position, are overlaid by Lower Taconic 
Slate, and so situated as to preclude all probability of repeti- 
tion. The thickness of this single mass of limestone is be- 
tween 1,900 and 2,000 feet. The overlying Talcoid Slate may 
be better seen in a single mass, and its amount more correctly 
estimated, in Berkshire county, Massachusetts, than in Ver- 
mont. Graylock is made up of immense beds of this slate, 
overlying the Stockbridge Limestone, and having the success- 
ive layers only slightly inclined. Their entire thickness is 
2,000 feet. We thus have more than 5,000 feet of rocks in 
the Lower Taconic Series. 

Advancing to the next main division, we find the Black 
Slates with interstratified beds of Sandstone and Limestone 
exhibited in Swanton in great force. They dip from 30° to 
90° toward the east, show no indications of any repetitions in 
the beds, and as thus lying, their upturned edges occupy about 
five miles in an east and west direction. I fail to see how they 
can be regarded as less than 10,000 to 15,000 feet in thickness. 
Frequent opportunities to study this series of rocks in various 
different localities have confirmed my convictions that this esti- 
mate is none too large. The Georgia Group, in other words, 
the whole series of Brown Slates with included Sandstones and 
Limestones, evidently succeeding the Swanton Group, and as 
well extending to the Lower Taconic, as overlying its western 
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limits, has been estimated by Dr. Hitchcock, and others as 
having a thickness of not less than 10,000 feet. We accord- 
ingly have for the thickness of the second great division of the 
Primordial rocks from 20,000 to 25,000 feet, and for that of 
the two great divisions thus far considered from 25,000 to 
30,000 feet. 

Leaving the Potsdam Sandstone out of view for the present, 
we may notice the thickness of the succeeding beds in their 
typical localities. That of the Calciferous Sandrock is about 
300 feet ; that of the Chazy Limestone is nearly the same ; 
while that of the Birdseye is only 30 feet, and that of the La 
Mott, or Black River, 15 feet. The Trenton Limestone is 
some 400 feet thick, the Utica Slate about 75 feet, while the 
Lorrain Shales may reach 700 feet.* This estimate gives us 
less than 2,000 feet as the aggregate thickness of all these 
rocks. 

We have now only to place the immense force of the Taco- 
nic rocks in parallelism with the thickness of the Lower Silu- 
rian formations, to see at once the striking disparity. Would 
we also take them up, bed by bed, and look at them in con- 
trast, we should discover how utterly impossible it is to bring 
them into coérdination. But time fails me now to enter into 
the details of any such comparison. 

We may next notice the relation of the Potsdam Sandstone 
of Vermont to the formations under consideration. 

A band of Red Sandstone runs northerly and southerly 
through most of Western Vermont, and may be seen in places 
resting on the Black or Swanton Slates. Portions of this rock 
were long ago described by Dr. Emmons as Potsdam Sandstone. 
Most geologists, however, regarded it as of Medina age, and 
the underlying argillaceous beds as Utica Slate and Lorrain 
Shale. As it is now clearly made out, by evidence which need 
not be here repeated, that the sandstone in question belongs to 
the Potsdam period, the view entertained by many in regard 
to the subjacent slate falls to the ground, That there may 
be no doubt on this matter, and as some still persist in assert- 
ing that the Black Slates are Hudson river, the Potsdam beds 
having been shoved, or folded over upon them, I will refer to 
some evidence having a bearing on the subject, and calculated, 

* These figures, as should be evident, are to be regarded only as a rough ap- 
proximation, which may serve as a basis of comparison. I am, of course, well 
aware that a greater thickness has been ascribed to some of these beds, espe- 
cially during the past few years. For instance, the Utica and Lorrain formations 
are represented as existing in immense force in Western Vermont. But this is 


done, by counting beds in the Hudson River formations, which really belong as 
I shall endeavor to indicate, to another age. 
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as I think when it is understood, to put the question to rest 
forever. 

There are several localities at which the Potsdam Sandstone 
may be observed resting on the Black Slate very nearly as it 
was originally deposited. No single locality gives all the evi- 
dence ; each that I propose to mention furnishes much that is 
important ; while a great many outcrops need to be examined, 
in order that the relations of the rocks may be seen in all their 
bearings. I will now cite in particular the southwest shore of 
Shelburne Bay; also, Lone Rock Point in Burlington, and the 
northwest side of Snake Mountain, in Addison. In some 
places at these localities the upper part of the slate shows that 
denudation took place before the deposition of the overlying 
sandstone, and thus evinces a want of conformity in the order 
of succession. Again, there are many instances serving to 
prove that the slate was unconsolidated at the time the Pots- 
dam beds were laid down, and that they (and not strata of 
some other period) were actually deposited upon the slate, 
which now lies beneath them; for the upper layers of the 
slate contain imbedded in themselves numerous fragments of 
the overlying Potsdam. Moreover, the lower portion of the 
arenaceous deposit is exactly fitted into all the surface cavities 
and depressions of the slate ; so exactly fitted as to conform 
with them entirely, as putty conforms with the irregularities 
of the object upon which it is thrown down ; a thing which 
could not have occurred had not the sandstone been laid down 
upon the slates very nearly as we now find them. It thus ap- 
pears, in the clearest manner, that the two formations occupy 
to-day substantially their original position, and exhibit in the 
main their true relations to each other. And this leads me to 
remark once more, that there are places in which no break 
occurs between the two formations, showing that there has 
been no movement in such instances of the Potsdam upon the 
underlying slate. In other places, however, owing to the un- 
equal pressure exerted at different points, and thus to the in- 
equalities in the uplifting of the formations, one part being 
more elevated than another, there is a rupture. In some cases 
this may be seen a few feet below the summit of the slate, 
while the upper part of the slate still cleaves to the overlying 
arenaceous bed, There are other instances in which the break 
runs above the base of the sandstone, its lower portion, mean- 
while continuing to adhere to the subjacent slate. In yet 
other localities, the rocks are slightly separated according to 
their natural limits. There are additional points of view, at 
which “slickensides” may be observed ; but there are almost 
always associated with them cerrespondencies in the two rocks, 
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showing that the lateral motion was one of small extent. From 
these facts, to mention no others, it is gaa That the 
two series of beds are unconformable ; (2) That the sandstone 
was deposited, nearly as it is now found lying, upon the slate ; 
(3) That, in some places, there has been no horizontal move- 
ment of the rocks upon each other ; and (4) That there has 
been, in other localities, a slight, and only a slight, sliding of 
the upper mass upon the lower, We thus see that the under- 
lying black, argillaceous beds cannot, by any possibility, be 
Utica Slate, or Lorrain Shales.* 

But Jet us look at another phase of the matter. Some have 
supposed that the sandstone, while it overlies the Swanton 
Slate, runs under the beds of the Georgia Group, which, in 
many places, occur in uplifts lying to the east of the Potsdam 
band. Instead of this being the fact, there are localities in 
Swanton, Shelburne, and other townships, which render it 
clear that the Potsdam formation, in some places, overlies the 
Brown Slates, and in others rests against their upturned edges, 
Meanwhile, years of search have failed to reveal a single in- 
stance of its underlying, or running beneath, the beds of the 
Georgia Group. 

This, however, is not all the evidence. An outstanding bed 
of what appears to be Potsdam Sandstone occurs as an over- 
lying mass near Franklin Centre, and not far from the eastern 
limits of the Brown Slate. But a still better view of these 
rocks, and one respecting which there seems to be no question, 
may be secured in the counties of Chittenden and Addison. I 
refer to the fact that the Potsdam Sandstone extends in these 
counties broadly to the east. In order to observe this exten- 
sive exhibition of the rock, one may start from a point in 
Charlotte, on the west of the Red Sandstone, and where it 
overlies the Black Slates, and thence proceed eastward or 
southeastward. Advancing in either of these directions for 
six, eight, or ten miles, he may see the sandstone from point 
to point, capping the uplifts, and showing itself as an over- 
lying rock, while he may also, from time to time, observe out- 
croppings of the older formations until he reaches the Lower 
Taconic in Monkton and Starksborough. He may thus find 
the Potsdam strata resting upon portions of the Swanton 
Slates on the west, extending across the entire limits of the 
Georgia Group, and also overlying a portion of the Lower 
Taconic beds. He may, accordingly, observe reposing uncon- 
formably beneath the Potsdam Sandstone, a series of forma- 

* That portions of the Utica and Lorrain formations may occur in the same 
neighborhood with the Potsdam Sandstone, is, of course, possible, and most 
freely admitted. 
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tions which, in some localities, are from 25,000 to 30,000 feet 
in thickness. 

Thus, we have brought before us certain facts and relations 
pertaining to the Primordial formations, which each person 
may observe for himself. In the light of these facts and rela- 
tions, we are enabled to see the utter untenableness of the 
position that these beds are Lower Silurian, in the proper 
sense of that designation. According to the view suggested 
by the considerations presented, it may seem strange that any 
mistake should have been made in regard to these rocks. If, 
however, we look at the matter in another light, and remem- 
ber that our geologists regarded the Red Sandstone as of 
Medina age, we can discover some excuse for the error ; for, 
according to that view, they would not be surprised to find the 
arenaceous formation, now known as Potsdam Sandstone, 
crowning the subjacent masses of slate. 

We may next inquire briefly in regard to the fossil remains 
furnished by these rocks, 

On this branch of the subject I can only speak in the most 
general terms, reserving for another occasion the detailed ac- 
count of the organic forms which, from time to time, have 
been brought to light. It is still doubtful whether any fossils 
can be referred to the Lower Taconic beds of Vermont. The 
Paleotrochis major, aud P. minor, found in great abundance 
by Dr. Emmons in the Quartzite of North Carolina, are not 
known to occur on any other horizon.* Passing to the next 
great division of the Taconic we find in the Swanton Group 
organic remains peculiar to itself. Of these the Atops puncta- 
tus [trilineatus] of Emmons is the best known. In the Geor- 
gia Slates there is a much larger variety of genera and species. 
Among these may be mentioned species of Obolella, Orthis, 
Orthisina, and Camerella; also, Olenellus Thompsoni, and 0. 
Vermontana, and Conocephalites Teucer. No one of these 
occurs, so far as is known, in any more recent rocks. When 
we come to the Potsdam Sandstone we meet with still other 
species. Among the various forms found in this rock I will 
simply cite the Conocephalites Adamsi, C. Vulcanus, and C. 
minutus. Now, the several species belonging to this period 
are distinct from all those that have been discovered in the 
earlier rocks, and they probably died out before the beginning 
of the next era. But while the several forms of Conocephalites 
peculiar to the Potsdam Group are different from, they are yet 
closely allied to, the species of Conocephalites found in the 


* [These supposed corals have recently been shown by Prof. 0. C. Marsh to be 
inorganic. This Journal, vol. xlv, p. 217.—Eps.] 
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Georgia Slate, thus indicating just what stratigraphy seems to 
suggest, viz: the true order of succession in the beds. At 
the same time it should be added, that while the species in 
these successive groups are different, they still have a common 
Primordial type ; a type which distinguishes them from the 
organic forms of the Calciferous Sandrock, and of the several 
succeeding formations of the Lower Silurian, and thus shows 
that the Potsdam Sandstone is strictly Primordial, and may 
be properly reckoned as Upper Taconic. 

In order to avoid all occasion for misapprehension, a supple- 
mentary remark should be made. It is sometimes urged as an 
objection, and the fact has been well known to the writer for 
years, that beds of Lower Silurian rocks are found within the 
generally admitted Taconic limits. These beds occupy troughs 
and depressions in the older formations, as would be natural, 


_ and occasionally crown uplifts which have survived the abrad- 


ing force of ages. On these overlying strata I propose to 
dwell more at length when I come to speak of the formations 
of the Champlain Basin under other relations. I now simply 
remark that their occurrence, under existing circumséances, no 
more disproves the existence of the underlying Primordial 
series of rocks than would the presence of Carboniferous 
strata in a given district, militate against the fact of subja- 
cent Silurian, or Devonian, formations on which they rest as 
overlying beds. 

We thus are enabled to see, on the threefold ground of 
thickness, of stratigraphical relations, and of organic remains, 
to mention no other considerations, that the Taconic, or Pri- 
mordial, series of rocks cannot be properly regarded as Lower 
Silurian in the legitimate sense of that term. The facts pre- 
sented clearly show that the Swanton Group on which the 
Potsdam was in places laid down, and on which it still rests, 
cannot be Utica Slate or Lorrain Shales. If stratigraphy be 
of any account, it proves this in the most unmistakable man- 
ner, And, on this relationship, as I may venture to say, 
the whole matter, at least from one point of view, virtually 
turns. If the Potsdam Sandstone rest unconformably, as it 
really does, on such a series of older beds, and if there have not 
been any inversion or overlapping of the Potsdam in the locali- 
ties referred to, and there is the best evidence that there has 
not, then it clearly and certainly follows that these inferior 
rocks are not Lower Silurian; that they are more ancient 
than the overlying discordant Potsdam ; and that there is a 
series of formations of vast extent which may be known as 
Taconic or Primordial, and of which the Potsdam Sandstone 
legitimately constitutes the crowning group. 
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The view now presented reminds me of certain statements 
made by Dr. T. Sterry Hunt, in a paper read last August at 
the meeting of the American Association for the Advancement 
of Science in Chicago, and printed in the September number 
of this Journal. In that paper he asserts that the beds which 
I have designated as the Black or Swanton Slates are Hudson 
River formations, by which I suppose he means Utica Slate and 
Lorrain Shales, As he advances no argument in support of 
his declaration, no argument is needed in reply. So far as his 
assertion is concerned, I would simply wish it to be looked at 
in the light of the facts which have been presented. On the 
supposition that the slate referred to is Utica or Lorrain, we 
have the strange anomaly of a formation, at once belonging to 
the summit of the Lower Silurian, and yet griginally and still 
overlaid by Potsdam Sandstone, 

While touching this matter I ought perhaps to add, that 
with the Triarthrus Becki of Green, Dr. Hunt has confounded 
the Atops punctatus (trilineatus), a species which Dr. Emmons 
long ago described as having marks distinguishing it from the 
Triarthras Becki; which a committee of the American Asso- 
ciation for the Advancement of Science pronounced to be dif- 
ferent; and which no less a paleontologist than M. Joachim 
Barrande evidently regards as distinct from the Utica species, 

Again, Dr. Hunt says that the T'riarthrus Becki has been 
found in the underlying Hudson River Slates at Sharpshins 
(Lone Rock Point), and Appletree Point, near Burlington. 
Being very familiar with these rocks, it may not be imper- 
tinence in me to suggest, that Dr. Hunt undoubtedly refers, 
in part, to fragments of organic remains long ago met with at 
Lone Rock Point, the specific affinities of which, however, 
were never accurately determined ; and, in part, to a specimen 
of Trilobite discovered at Appletree Point by Sir William 
Logan, but which was, unfortunately, as I happen to know, 
too indistinct for exact specific identification. At the latter 
point I have found, at different times, several specimens of 
Trilobites, probably of the same species ; also, other fossils 
both at the same place, and at Lone Rock Point, of which I 
have something more to say in the sequel. 

Once more, Dr. Hunt declares that, ‘‘ the Conocephalites 
Teucer,” which I have cited as characteristic of the Georgia 
Group, “is, according to Mr, Billings, common to the [Geor- 
gia] Slates, and to the associated Red Sandstone.” The im- 
plications which this assertion involves rest, so far as they have 
truth, on a series of misapprehensions. In the first place, the 
Red (or Potsdam) Sandstone is not “associated,” in the sense 
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in which the term is here used, with the Georgia Slates. In 
the second place, the fossil just mentioned never occurs, so far 
as is known, in the Potsdam Sandstone. But, in the third 
place, while it is not met with in the Red Sandstone, it is 
found ina sandstone, in a slate, and, I may add, in a lime- 
stone—in each of these several beds; in other words, it be- 
longs to the Georgia Group, which consists of brown slate, 
with interstratified masses of gray limestone and brown 
sandstone. But, if such be the case, how could any mistake 
arise? First, the rocks are very complicated, and cannot be 
mastered without much study and long continued observation. 
Next, nothing is easier than misunderstanding. In speaking 
to Mr. Billings of the Georgia Group as containing Conoceph- 
alites Teucer, Olenellus, etc., I said, among other things: 
These slates are interstratified with sandstone. From this he 
inferred, as was afterward evident from one of his articles, that 
I meant the Potsdam Sandstone, whereas I referred to the 
brown sandstone of the Georgia series. Receiving this wrong 
impression unconsciously, and desiring to give full credit to 
others, he cited me in connection with Dr. G. M. Hall as 
authority in the matter—as having made out, by personal in- 
spection, the actual interstratification of the Georgia Slates 
and the ay be seen by turning to 
this Journal for January, 1862, (vol. xxxii, p. 100.) In this 
he did what was very natural under the circumstances, since 
the Red Sandstone occurs in close proximity to the Trilobite 
locality ; insomuch, also, as he was mainly intent on the fos- 
sils; while Dr. Hall and I lived in the neighborhood, and were 
very familiar with the “‘lay” of the rocks, Accordingly, from 
what was perhaps an inadequate statement on my part, from 
an accidental misunderstanding on the part of Mr. Billings, 
and, as I may presume, from an innocent misapprehension on 
the part of Dr. Hunt, the true relations of these rocks have 
been misconceived, Thus, as I may add, the cited proof of 
the specific identity of the ‘Georgia Group and of the Potsdam 
Sandstone falls to the ground, 

Such is a brief exposition of a single point in the Geology 
of Western Vermont, In due time other points may be ex- 
pected, 
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Art. XXXI.— On some oe of _Trichlormethyl-sul- 
phon-chlorid, (CCl,)S0,Cl; by O. Lozw, Assistant in 
the Chemical Department of bd College of the City of 
New York. 


Tus chlorid, discovered by Berzelius and Marcet in 1812, 
was the subject of extended investigations by Kolbe. Since 
that time no investigations on this compound have been made, 
although it possesses many interesting properties. I find that 
the simplest way to prepare it, is the following : 300 grms. bi- 
chromate of potassium in pieces of the size of a pea, 500 grm. 
common hydrochloric acid, 200 grm. nitric acid of the com- 
mon strength, and 30 grm. bisulphid of carbon are mixed in 
a flask, filling it to one-fourth of its capacity and loosely stop- 
pered. It is kept cool in the beginning and shaken from time 
to time. In about eight days the process is finished. In direct 
sunlight only four days are required. By addition of water 
the chlorid and nitrate of potassium are dissolved, and there 
remains the insoluble trichlormethyl-sulphon-chlorid. It is 
filtered off, washed, and pressed between sheets of filter-paper. 

When this chlorid is dissolved in absolute alcohol and 
treated with sulphuretted hydrogen, sulphur is deposited, and 


hydrochloric acid and another compound of an acid character 
remain in solution, By neutralization with dry carbonate of 
sodium, the sodium salt of this new acid remains dissolved in 
the alcohol, and crystallizes by evaporation in shining scales, 


erm. yielded 0°146 grm. sulphate of sodium =11°33 per 
cent Na. 

0-236 grm. yielded 0°490 grm. AgCl =51:37 per cent Cl. 

grm. yielded 0°605 grm. sulphate of barium =16'24 per 
cent 


The sodium salt of the trichlormethyl-sulphurous acid re- 
quires: 11:14 percent Na; 51:95 per cent Cl; 15°56 per cent S; 
15:56 per cent O ; 5:81 per cent C. 

To obtain the free trichlormethyl-sulphurous acid, the sodium 
salt is decomposed by dilute hydrochloric acid and agitated 
with ether. The ether yields by evaporation this new acid in 
radiating needles. Both the acid and its salts are not of great 
stability; at a moderate temperature, especially when water is 
present, decomposition takes place and a very offensive odor is 
evolved. 

The formation of this acid takes place according to the fol- 
lowing equation 
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(CCl,) 80,C1l* +H,S = (CCl,)SOOH +HCI+S. 


Trichlormethyl- Trichlormethyl-sul- 
sulphon-chlorid. phurous acid. 

The decomposition of this acid and its salts by bromine and 
nitric acid is very striking ; the acid disappears and new in- 
soluble compounds are formed. 

The action of bromine is expressed by the following equa- 
tion : 


(CCl,) SOOH +Br, = (CCl,) SO, Br + HBr, 


Trichlormethy]-sul- Trichlormethy]-sul- 
phurous acid. phon-bromid. 


and the action of nitric acid : 
(CC1l,)\SOOH +NO,H = (CCl,)80,(NO,) +H,0O 


Trichlormethyl-sul- Nitric acid, Trichlormethyl-sulphon- 

phurous acid. nitrid. 

The trichlormethyl-sulphon-bromid is a white crystalline 
body of a faint acrid smell, insoluble in water but soluble in 
alcohol and ether. On the application of heat a part is sub- 
limed without change while another part is decomposed. Am- 
monia dissolves it with evolution of nitrogen. 


0°358 grm. yielded 0-313 sulphate of barium corresponding to 
12-01 per cent 8. 

0°492 grm. yielded 1:158 grm. AgCl+AgBr and this mixture 
yielded by reduction 0-808 Ag, which proportions corres- 
pond to 30°77 per cent Br, and 40°22 per cent Cl. 

The theory demands 12°19 per cent 8, 40°57 per cent Cl, 30°48 
per cent Br. 


When trichlormethyl-sulphurous acid is brought into con- 
tact with concentrated nitric acid, a violent reaction takes 
place and a blue oil is deposited which loses nitrous acid by 
contact with the air and is converted into a white crystalline 
body, the odor of which inflames the eyes and is very suffoca- 
ting when inhaled. This is the trichlormethyl-sulphon-nitrid 
especially interesting in this, that a nitrid of an organic sulph- 
acid has been hitherto unknown. It is insoluble in water, 
soluble in ether and alcohol. Water added to the alcoholic 
solution precipitates it unchanged. It does not melt in boil- 
ing water but is volatilized with the steam. Ammonia dis- 
solves it slowly with decomposition, alcoholic solution of caus- 
tic potassa decomposes it quickly. When it is treated with 
zinc and hydrochloric acid it disappears and is converted into 
sulphydrate of methyl and ammonia : 


C=12 S=32 O=16. 


f 
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(CC1,)SO, (NO,) +18H =CH, SH +H,NCl+2HCi+4H,0 


Trichlormethyl- -sul- Sulphydrate of 
phon-nitrid. methyl. 


0°5285 grm. yielded 0:532 sulphate of barium and 0-973 AgCl, 
corresponding to 13°83 per cent 8 and 46:12 per cent Cl. 
Theory demands 14:00 per cent 8 and 46°61 per cent Cl. 


On treating trichlormethyl-sulphon-chlorid with ammonia, 
trichlormethyl-sulphurous acid is formed in an unexpected 
manner, nitrogen is evolved and the chlorid is slowly dissolved. 
On evaporation broad tabular crystals are obtained. In the 
mother-liquor there remains chlorid of ammonium, some sul- 
phate of ammonium and a certain quantity of this new com- 
pound. The crystals must be recrystallized with great care 
because at a moderate temperature an acid reaction sets in and 
a partial decomposition begins. These crystals show with bro- 
mine as well as with nitric acid the formation of the above 
mentioned bromid and nitrid. The action of the nitric acid is 
extremely violent. 

By mixing with diluted hydrochloric acid and agitating with 
ether the above mentioned trichlormethyl-sulphurous acid is 
obtained, 

0-431 grm. yielded 0°911 grm. AgC1=52:24 per cent Cl. 

0°668 grm. yielded 0°725 ammonio-chlorid of platinum=6°80 
per cent N, 

0°753 grm, yielded 0°894 grm. sulphate of barium=16'23 per 
cent 8. 

Theory demands 53°11 per cent Cl, 6-98 per cent N, 15°96 per 
cent 

The crystals are therefore the ammonium salt of the tri- 
chlormethyl-sulphurous acid and their formation can be ex- 
pressed by the following equation : 


3((CCI,)80, Cl) +8H,N=3((CCl,)80,H,N) +2N+3H,NCl 


“Trichlormethyl- sul- Trichlormethyl- -sulphite ite of 
phon-chlorid. ammonium. 


On treating trichlormethyl-sulphon-chlorid with cyanid of 
potassium, evolution of cyanogen and hydrocyanic acid takes 
place and the potassium salt of trichlormethyl-sulphurous acid 
is formed : 

(CC1,)SO,Cl +2KCy =(CCl1,)SO OK +KCl +2Cy 

But when the solution is hot and very concentrated, there 
is also another derivative of this acid formed, one atom of Cl 
being replaced by one atom of OH. 

(CCl1,)SO OK+H,O=(C Cl,OH) SO OK+HCl, 
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which latter decomposes another part of the cyanid of potas- 
sium. 

A glance at the following formulas will show the relation 
between these new bodies and several others already known : 


Trichlormethyl-sulphon-chlorid (C Cl,)SO,Cl (Kolbe). 
Trichlormethyl-sulphon-bromid ( (CCl ,)8O, Br. 
Trichlormethyl-sulphon-nitrid (NO,). 


Trichlormethyl-sulphuric acid (CCl, )SO,OH (Kolbe.) 
Trichlormethyl-sulphurous acid (C Cl,)SO OH. 
Methylsulphurie acid (CH ,)SO,OH (Kolbe.) 
Methylsulphurows acid (CH, )SO OH (Hobson.) 

New York, January, 1869. 


Art. XXXII.—WNote on the structure of the Blastoidea; by 
E. Bruurnes, F.G.8., Paleontologist Canada Geol. Survey. 


THe remains of the Blastoidea have as yet proved to be 
extremely rare in our Canadian rocks, only five small speci- 
mens—three of Pentremites and two of Codaster—having 
been collected up to the present time. While studying these 
with a view to their description I was led to investigate the 
structure of the order, especially with regard to the function 
of the summit openings. On combining the observations of 
other authors, whose views I shall give in detail in another 
paper, I find that we have now sufficient data to establish the 
following points :— 

1. In the genus Nucleocrinus Conrad, there are sixteen aper- 
tures in the summit. Of these the large lateral aperture is both 
mouth and vent. There is no opening in the center of the apex 
where the mouth has hitherto been supposed to have its posi- 
tion. The ten so-called ‘‘ovarial orifices” are respiratory aper- 
tures. Between each two of these one of the ambulacral grooves 
enters to the interior through a small pore which is a true ova- 
rian orifice. There are thus ten spiracles, five ovarian orifices 
and one buccal and anal orifice—in all sixteen. 

2. In Pentremites there are also five ovarian pores, in the 
same position. The mouth is not in the center, but in the 
larger of the five spiracles. 

3. Codaster has no ambulacral pores in the so-called “pseud- 
ambulacral fields.’ The striated surfaces in the interradial 
areas are true Cystidean rhombs of the type of those of the 
genus Pleurocystites. These in Pentremites, Granatocrinus 
and Nucleocrinus are situated under the ambulacra where they 
— the tubular apparatus described by Roemer and 
others 
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Art. XXXIII.—WNotes on the occurrence and composition of 
the Nodular Phosphates of South Carolina; by CHaruzs U, 
SuepParD, Jr., M D., Prof. of Chemistry in the Medical Col- 
lege of the State of South Carolina, 


Tue belt of nodular phosphates appears to extend, more or 
less interrupted from the Wando and Cooper rivers, some fif- 
teen to thirty miles above Charleston, in a south-southwesterly 
direction, parallel to the coast line, as far as St. Helena Sound 
and Bluffton, near Port Royal. As yet the precise area is 
unknown ; no accurate survey having been made, although 
this want is daily felt by the community, It would be erro- 
neous to suppose that there is a well defined stratum of any 
such extent as this area above mentioned; on the contrary, 
the bed appears only in patches, some of which, however, are 
many miles in diameter. On the Wando and Cooper rivers 
the nodules are found in comparatively small beds, generally 
but a few inches in thickness ; still, limited deposits, one to 
three feet thick, have been reported in some localities of this 
neighborhood. On the peninsula between the Cooper and Ashley 
rivers, the deposit assumes the form of a well defined stratum, 
in many places attaining a thickness of eighteen to twenty-four 
inches, and underlying hundreds of acres, at an average depth 
of about three feet from the surface. The nodules vary in size 
from that of a walnut, to masses weighing two hundred pounds 
and over ; they lie compactly together with but little marl be- 
tween them. This marl is composed of 30 to 60 per cent carbo- 
nate of lime, a few per cent phosphates of iron, lime, and alu- 
mina,—the balance being chiefly sand and peroxyd of iron. 
At other points on the peninsula, the nodules rarely exceed a 
few lbs. in weight, and are sparsely distributed. The favorable 
localities lie east of Goose creek, near the Cooper river. The 
Ashley beds were the first discovered, are the best known, larg- 
est in extent, and most mined. This deposit extends, at an 
accessible depth, over, perhaps, one thousand acres, on both 
sides of the river; and running back from it for several miles in 
some places. The beds are quite accessible, not only on ac- 
count of the depth of the Ashley river and their proximity to 
Charleston, but because of their lying close to the surface (gene- 
rally within two feet) in a light soil which separates easily from 
the nodules on handling or washing. The nodules are of a 
yellowish-gray color, of less specific gravity than those else- 
where found, their surfaces but slightly irregular, and their 
composition tolerably uniform. The best beds lie on the river 
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ten to twenty miles from Charleston ; farther up stream, the 
nodules are found in a sandy soil, and become permeated with 
sand to the amount of thirty per cent and over, when the phos- 
phates do not reach fifty per cent. On some plantations the 
bed of phosphatic nodules is over two feet in thickness; and 
the amount of marketable material produced from mining an 
acre may exceed twelve hundred tons. On the Stono and 
Edisto rivers there have been found but few rich deposits,—the 
stratum exhibiting continuity in but occasional spots. As a 
rule, the nodules lie deeper on these rivers than on the Ashley. 
Heavy deposits have been discovered on the flats in the neigh- 
borhood of St. Helena Sound, covering vast surfaces at little 
depth from the surface, occasionally forming a compact floor, 
or huge boulder-like masses on the bottom of the creeks which 
intersect that neighborhood. Finally, on the Ashepoo river, at 
one locality in this neighborhood, the stratum has the appear- 
ance of an immense pavement, extending over hundreds of 
acres at a depth of three to six feet. It is with difficulty that 
the large masses (often several hundred weight each) can be 
pried apart, so closely are they wedged together,—having a 
smooth, glazed, upper surface, but irregular beneath. The 
masses moreover are often penetrated to considerable depth, 
sometimes perforated by round holes, which extend generally 
in a perpendicular direction. These cavities have a diameter 
of one-half to one inch. The phosphatic masses forming this 
floor are nine to twelve inches in thickness, and overlie a bed of 
nodular phosphates of smaller size, which extends down to the 
depth of twelve to fifteen inches below the continuous stratum. 
The whole deposit is imbedded in a tenacious clay, underneath 
which occurs a yellow-red marl. This marl is rich in shells 
and the bones of marine and land animals. It is composed, 
when air-dry, of nearly 70 per cent sand, 18 per cent carbonate 
of lime, and 5 to 7 per cent phosphates of lime, alumina and 
iron, It is reported that the nodules form in some limited 
localities a second layer, and as continuous as the top stratum, 
—underlying it at the depth of about one foot. 

The phosphatic nodules and masses generally give on fric- 
tion of their fresh surfaces, a peculiar naphthous odor. This 
property is, as a rule, the more decided, the denser the nodules; 
and is in direct proportion to the amount of organic matter 
contained in them. The impressions of numerous fossil shells 
of the Eocene period occur throughout the various phosphatic 
masses, 

Composition.—The analyses given below are of hand speci- 
mens, taken at random from large quantities of the material of 
the different localities mentioned. They are not supposed to 
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represent the exact composition of the formation from each 
neighborhood, since a material difference is often remarked in 
nodules from the same pit; but these analyses have been chosen 
from a large number made during the past year, as showing 
what may be considered the average. It must be stated, how- 
ever, that the amount of peroxyd of iron, alumina and magnesia 
given under No. 3, from the Ashley, is higher by a few per 
cent, than is generally the case in the nodules from that neigh- 
borhood. The specimens analyzed were tolerably clean, and 
more or less air-dry. With regard to the determination of the 
phosphoric acid, there exists considerable difference of opinion 
among the chemists who have had the most to do with the 
analysis of the South Carolina nodular phosphates,—each one, 
it appears, preferring a different method. My experience, as 
far as it extends, leads me to consider the protochlorid of 
uranium method as the best for the quantitative determina- 
tion of phosphoric acid in compounds containing oxyds of iron 
and considerable alumina, It is true that the results are much 
lower than those obtained by other methods; but as yet I have 
found no reason to doubt their accuracy, The organic matter 
amounts to about one-third to two-thirds of the percentage put 
down to water of combination and organic matter. Some nod- 
ules contain nitrogenous matter sufficient to yield on decompo- 
sition with soda lime over 4 per cent of ammonia, (In one spe- 
cimen 0:26 per cent ammonia was determined). The magnesia 
rarely exceeds one half per cent. 


Analysis No. 1, from the Cooper river. 
near Goose creek. 
“ the Ashley river. 
“ Steno “ 
“ Edisto “ 
Ashepoo “ 
Ashepoo “ 
St. Helena Sound. 


. 3. 4 5, 6. 
Specific gravity, 03 «194 219 2:28 254 2:49 2:7 
Moisture (at 100 C.), 0: 0°8 0°87 
Water of combination 9:15 
and organic matter, ex- 4 
pelled at low red heat, 
Carbonic acid, 
Sulphuric acid, 
Phosphoric acid, 
Lime, 
Peroxyd of iron, alumina 592 
and magnesia, 
Sand, 15°7 12°13 
Traces of chlorine, fluorine and sodium. 
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Artesian water of Charleston, S. C—The analysis of the 
water of the artesian well of this city may interest some read- 
ers, not only the scientific who may possibly draw important 
inferences from a knowledge of its composition, since it comes 
up from below the layer ot phosphatic nodules (sixty feet from 
the surface), but also travellers and health-seekers, who every 
season drink at this agreeable well, which is also quite popular 
among our citizens, 

The following analysis is the average of several, completed 
at intervals of a few weeks during last winter and spring. 
Slight, but unmistakable, changes were noticed in the propor- 
tions of some of the ingredients during these investigations, 
There are two wells, only one, however, is completed. This, 
the old one, is about 1250 feet deep. The temperature of the 
water at the spout is 87° F. (or 30°7° C.). Specific gravity 
(taken at 15° C.), is 1:0015. The amount of solid ingredients 
in the water = 0°228—0°234 per cent. 

In 100 parts solid ingredients : 


47051 
Bicarbonate of magnesia. 0°01375 
Phosphates of lime, iron and alumina -.......-- 00004 


Sulphuric acid in traces. 
In 100 parts well water— 


0°1435 
Bicarbonate of magnesia...........-.--------- 0°0000323 
Phosphates of lime, iron and alumina.--.....---- 0.0000093 
0°0000467 
0:27366 


In 100 imperial gallons (at 15° C.), are contained about one 
and a half pounds bicarbonate of soda and one and a quarter 
pounds common salt. 

Charleston, S. C., Jan. 21, 1869. 
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Art. XXXIV.—WNotes on American Fossiliferous Strata ; 
by T. A. Conran. 


Tue discovery of extinct Unionide in a clay bank on the 
New Jersey side of the Delaware river, has directed my atten- 
tion to the fossil Unionide, found by Dr. Hildreth near Ma- 
rietta, Ohio, described by Dr. Morton in this Journal, in 1836. 
Comparing specimens from the Delaware with those of Ohio, 
two species were found to be common to both localities, while 
a third species, found in West Virginia, near the Ohio river, 
corresponds to another Delaware species. Again, another Unio 
from the latter locality, which was presented to me several years 
ago by Henry C. Lamborne, is found to occur in the bank of 
the Potomac near Alexandria. 

Unio radiatoides Lea, N. Jersey, W. Virginia. 
U. saxulum Morton, do. Ohio. 

U. cariosoides Lea, 
U. nasutoides Lea, do. Alexandria, Va. 
Anodon abyssina Morton, Ohio, do. 

A, grandinoides Lea, 


Professor Cope has obtained from the New Jersey clay a por- 
tion of a horse’s head, which animal undoubtedly lived in the 
same period with the fresh water shells above mentioned, The 
question of the geological age of the clay is thus narrowed to 
more restricted limits, and it must be included in a series from 
Miocene to Post Pliocene. It has long been a desideratum to 
discover traces of the rivers and their deposits of the Miocene 
period of this country. Only one species of fresh water Uni- 
valves, and an estuary shell living exclusively in brackish water 
had noted a trace of a river and estuary, before the fossil shells 
of the Delaware were found. It seems probable now, that we 
have evidence of the Delaware in the Miocene period a much 
broader river than now, and containing a group of Unionide 
wholly extinct, and very different from the existing group. 
This ancient bed of the Delaware must have left many traces, 
but as yet they are not recognized from the great scarcity of 
fossils except in a mere seam less than a foot in depth. The 
presence of Anodon in every known locality would seem to im- 

ly tide water, ponds or sluggish rivers which became gradu- 
ally filled up with sediment, and the shells were buried alive, 
showing no trace whatever of swift flowing or agitated waters. 
They, however, are all lying on their sides, whereas if the bed 
of the present river were elevated the Unios would generally 
be found in a vertical position, as we find the Glycimeris in the 
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Tertiary of Maryland. This group of extinct freshwater bi- 
valves seems to have been more uniform in character than 
those of the present day, since it is generally the same on both 
sides of the Appalachian range, where now the mountains 
separate them into two very dissimilar groups, one plain and few 
in number, and the other numerous, with every variety of form. 
It is this uniform character, together with the extinction of 
the shells which lead to the conclusion of their Miocene age. 
Of the Pliocenes we have no trace along the Atlantic slope, 
and therefore the geological position must be either that of 
the Miocene, or of the Post Pliocene, in which latter formation 
all the species either marine or fresh water are identical with 
existing forms. The Ohio deposit containing extinct species is 
thus described by Dr. Hildreth. They are ‘‘in a bed of fine 
micaceous and siliceous sand, the upper part mixed with blue 
clay.” This clay is identical in composition and color with 
that of the Delaware, containing the same amount of micaceous 
fragments, showing that both deposits were filled up with sim- 
ilar sediment, and at the same period. The fossils of Ohio 
are mineralogically the same as those of the Delaware and 
Potomac, ferruginous casts with portions of the shell re- 
maining. The former are at an elevation of about 600 feet 
above the latter, which may be due toa rise in the Appala- 
chians. Many naturalists may doubt the Miocene age of this 
group in consequence of the presence of Equus fraternus 
Leidy—no solid-ungulate horse having been found in the Eu- 
ropean Miocene, and because this same species occurs in the 
vicinity of Charleston in company with the remains of do- 
mestic animals. But Dr. Pratt, having studied the geology 
of that place, found the latter “‘entombed in direct contact, 
and in one common burial with the bones and remains of an- 
other and older geological period.” There is therefore no 
doubt that the Charleston Equus fraternus lived in the same 
period with the horse of the Delaware clay.* 


Crosswicks GROUP. 


The lower beds of the eastern Cretaceous are exposed in the 
sections of the deep cut of the Chesapeake and Delaware Ca- 
nal, and at Crosswicks, N. J. The group of casts of shells in 
these beds consists of comparatively small species, nearly all 
limited to these lower strata, so far as my observation extends. 
Gryphea and Exogyra, so abundant in the higher beds ot New 
Jersey, I have not seen in this group. 

* Prof. Emmons found portions of Equus fraternus Leidy, in a Miocene marl 


pi, 1g Elizabeth, Bladen Co. N. C., and other specimens in the Miocene of 
itt Co. 
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List of Shells of the Crosswicks Group. 


Crassatella prora Conrad. Gyrodes infracarinata Gabb. 
Inoceramus peculiaris C. Natica (Lunatia ?) obtusevolva Gabb. 
Trigonoarca passa C. Turbinopsis depressa Gabb. 
Goniosoma inflata C. Actceon ovoidea Gabb. 

Cyprimeria spissa C. Act@on cretacea Gabb. 

Axinea Mortoni ©. Baculites vetus Conrad.* 

Nuculana Slackii Gabb. Scaphates hippocrepis Dekay. 


Solenoceras annulifer (Hamites) Morton. 


RaRiTAN Cay. 

In his report on the geology of New Jersey, Professor Rogers 
describes a series of clays on the Delaware and Raritan riv- 
ers, which he considers the base of the Cretaceous system 
of the Atlantic slope. By some geologists it is supposed to 
be the equivalent of the Wealden of Europe, but I think 
it is of later origin; posterior to the lower greensand, and 
indicating a continent, which disappeared beneath the cre- 
taceous ocean, These clays seem to be evidences of estuary 
deposits, as I ascertained by examination of the banks near 
the village of Washington on South river, a branch of the 
Raritan, Middlesex Co. These clays rest nearly horizontally 
and regularly on the undulated and highly inclined surface of 
gray quartzose sand, replete with ferruginous seams, full of 
carbonaceous remains of vegetations, too fragmentary to indi- 
cate the class of plants from which they have been derived. 
These seams follow the line of the surface and show the sand 
to have been disturbed by the movements of the Triassic on 
which they rest. The lowest stratum of clay is ash colored, 
in which vast numbers of upright stems of a Neuropteris are 
seen passing through densely crowded impressions of large 
leaves, doubtless parts of the same plant. There is evidence 
of a gentle current in the slightly diverging stems, or it may 
be of wind acting on the stems above water, but the sediment 
fell gently on the plants and buried them in clay, which can 
be traced more than 10 miles at nearly the same elevation above 
tide. This lower bed is about four feet thick near Washing- 
ton, and over it is a like thickness of black clay, the upper 
part full of willow shaped leaves with an entire margin. Over 
this again is a light colored clay of 20 feet or more in thickness, 
replete with similar leaves and also vegetable impressions of 
other kinds. 

Mr. Durand informs me that a fragment of one of the leaves 
from this clay, is that of a fern, the spots on which represent 
the fructification of the plant. These leaves are abundant in 


* This Baculite has more distant and much less deeply lobed septa than B. 
ovatus. I have as yet but a small fragment of this species. 
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a portion of clay considerably above the shells. Other plants 
are a new species of Podozamites (P. proximans Conrad, de- 
scribed below), nearly related to P. lanceolatus Emmons ; a 
Cyclopteris which is probably identical with Emmons’s species, 
figured in the geology of North Carolina, vol. i, p. 4, fig. 10. 
This is extremely abundant in the lower part of the bluff, in 
the light colored clay which rests on plicated sand. The lat- 
ter no doubt is part of the same formation, and overlies the 
Red Sandstone of New Brunswick, and although the point of 
junction is unknown, the Raritan clay and the red sandstone 
may be traced within two miles of each other. Impressions of 
the leaves of this Cyclopteris are extremely numerous, whilst 
the stems are also abundant, generally in a vertical position, 
or so inclined and disturbed as to suggest an agitation from 
wind or eddies placing them in a position in which the sedi- 
ment preserved them. 


Description of a new Cycadaceous plant from the Raritan Clay. 
PODOZAMITES. 
Podozamites proximans Conrad, Lanceolate, gradu- / \ 
ally tapering at base. Toast 
Locality, near Washington, on South river, N. J. Bie 
This short description will serve to distinguish it from 
P. lanceolatus Emmons. 


These plants go far to prove the Raritan clay to be 
of Triassic age, but I have further evidence in the 
shells to convince me that it is the equivalent of the 
Muschelkalk of Upper Silesia. Dunker in ‘ Paleon- 
tographica,” describes and figures some bivalves of the 
Muschelkalk of Silesia, which if not identical with the 
shells of the Raritan clay, must be nearly allied spe- 
cies, if external form is of any value for comparison. 
Dunker’s shells are very perfect, and the hinge charac- 
ter well represented. They constitute a group in the genus 
Astarte, wholly unlike any that existed before or after the T'ri- 
assic period, and one species at least I cannot distinguish from 
one in the Raritan clay. This genus Astarte of Sowerby orig- 
inated in the Triassic period, and culminated in the Jurassic. 
In the first the species are few, plain and small. In the latter 
they are large, with great variety of form, and the generic char- 
acter greatly developed. I am not sure whether A. concinna 
of the lower green-sand is a true Astarte, but if it should be, 
I believe that this formation holds the last of the genus. I 
find none in the chalk or its representatives. Crassina Lam., 
with which Astarte is usually confounded, originated in the 
Miocene period, and appears to have culminated in the North 
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American seas of this age, for we know eighteen species, while 
there is but one recent on the coasts of the Middle States, and 
four on those of the Eastern. 

A singular cast in the Muschelkalk of Silesia is figured in 
“ Paleontographica,” ,vol. 1, tab. xxxii, fig. 33. Dunker re- 
marks that it has some resemblance to a valve of a bivalve 
shell, but I have the best authority for pronouncing it a form 
of Entomostraca, though differing from any recent genus, [ 
found a cast of the same genus in the Raritan clay, of a 
shorter outline than Dunker’s, and with only three tubercles, 
The latter has five or six equal tubercles, situated like the 
Raritan species on the lower submargin. I propose to name 
this Triassic genus Paleocypris; the American form P. trino- 
diferus and the European P. triassina. The former is dis- 
tinctly visible with a lens. 

In a small mass of ash colored clay taken from the lowest 
stratum, a few fern roots are well represented in pyrites, of 
an upright habit, and not creeping like the rhizomes of exist- 
ing ferns. The secondary roots are numerous, some of the 
laterals as fine as hairs, and from the base of the main root 
large branches run downward. This must have been a bed 
of ferns growing in a sandy, slightly micaceous clay, and yet 
in this indifferent soil grew long, stout, flexible stalks strongly 
striated longitudinally. The foliage is yet unknown, for the 
stalks are cut off as it were by a black clay above, in which 
the traces of vegetation are obliterated, although the dark 
color of the clay is derived from carbonized leaves, Above 
this four feet of a black stratum, there is a thick mass of ash 
colored clay, in the lower part of which are innumerable im- 
pressions of a Cyclopteris, the leaves of which are of a peltate 
form, and the stalk differs in its character from those of the 
lower bed. Itis not longitudinally striated, but irregularly 
plicated. There are probably two or more species, but the 
imperfect specimens do not indicate the difference. F, A. 
Roemer has figured a fossil which he named Cyclopteris pel- 
tata, but the nervation is wholly unlike that of the Raritan 
species if his figure is correct, the nerves in which are not 
branched. One of our species resembles the leaf figured by 
Emmons, which is too imperfect in outline for comparison, but 
the nerve character is similar. There are two European spe- 
cies described with peltate leaves, and both by the same name, 
C. peltata Goppert, of the Lias, having priority over Roemer’s 
name of peltata. The former also differs from the New Jer- 
sey species ina simpler or less branched form of the nerves. 
One of the fragments of a Cyclopteris in the Raritan clay has 
a deeply sinuous margin, and when entire, was over two inches 
in length, 
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In this bed, just over the black clay beneath, a patient 
search revealed the presence of fresh water shells, two or three 
species of Pisidium, and one apparently of Cyrena, which 
would indicate this line of the high lands on the south 
side of the Raritan to have been a wide estuary, although no 
other trace of the rivers on land of this period is known. 

About a quarter of a mile east of this bluff in the suburbs 
of Washington, I observed similar clays at about the same 
level, and in the black stratum, leaves as abundant as it would 
be possible to press them. Lignite is plentiful, and large frag- 
ments of the trunks of trees. The clays around Baltimore 
are supposed, with reason, to be synchronous with the Raritan 
clays, and therefore it is highly probable that the fossil forest 
at the mouth of the Patapsco, described by Durand, may be 
of the same geological age. 


EocENE AND MiocENE OF SHARK RIVER, N. J. 


The village of Trap on Shark river shows a good section of 
Eocene greensand, overlaid by about six feet of Miocene marl. 
This Eocene is known by the name of Squankum marl, and con- 
tains few organic remains. Prof. Cope has described two species 
of Paleophis; and a Celorhynchus also occurs init. I have no 
doubt that Leidy’s Anchippodus riparius was obtained from it, 
and that it was an Eocene pachyderm. Equally certain am I 
that the peccary tooth described by Leidy, found at Shark river, 
was a Miocene species. It was picked up by Dr. Kneiskern 
at my feet while walking with him over a bed of Miocene marl, 
replete with shark’s teeth, and at some distance from the bluff 
from which it came. The color, mineralization, and degree of 
corrosion, all agree with the shark’s teeth, and with a cast of 
Volutilithes found on the same spot, and which. latter fossil is 
composed of a light ochreous impure limestone. Prof. Leidy 
would refer this specimen to his Dicotyles nasutus if it had been 
found in the same bed. This species was obtained in digging 
a well in Indiana, at a depth of 30 or 40 feet, and referred to 
the Post Pliocene period, without any evidence that the de- 
posit belongs to that period. On the contrary, there is reason 
to believe that the animal lived at the same time with the 
fossil Unionide near Marietta, Ohio, both the peccary and the 
shells being found at a depth of about 40 feet, and that the 
same quadruped lived at that time in New Jersey. This will 
give some idea of the extent of land in the Miocene era, and 
the only reason why we have so few traces of the Miocene con- 
tinent west of the mountains is because it is buried below the 
surface, and only made known to us in digging wells. On the 

+ contrary the Post Pliocene beds are often seen in the river 
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banks and contain shells of existing species, while a more 
trenchant line of demarkation is nowhere seen than between 
these periods, as we might expect to be the case where the long 
interval of the Pliocenes has passed between them. 

The Miocene line at Shark river is distinguished by a thin 
layer of calcareous earth replete with the teeth of several spe- 
cies of shark, of a pale ochreous color, whilst those of the 
Eocene are black ; over the layer above mentioned is about 
six feet of dark Miocene marl, nearly or quite destitute of or- 
ganic remains. 

The upper part of the Eocene is a hard gray rock, about four 
feet thick, abounding in large green grains, and holding numer- 
ous fossil remains, among which Aturia is most characteristic 
of the geological age of the formation ; below this of unknown 
depth is the loose green-sand with a few Eocene species of 
reptiles, mammals, fishes and plants. 


Art. XXXV.—On certain Phenomena of Transmitted and 
Diffused Light ; by M. Carry Lua, Philadelphia. 


WHEN a beam of sunlight is thrown upon a white screen at 
the distance of fifteen or twenty feet and a plate of finely 
ground glass is interposed in its path, the white light by pass- 
ing through the colorless glass acquires a deep orange yellow 
coloration. A greenish or bluish tinge in the glass does not 
interfere with the experiment, but it is necessary that the grind- 
ing of the glass be exceedingly fine, the surface must be scarcely 
removed, and with the finest emery. 

This experiment, which admits of some very interesting varia- 
tions that will be mentioned farther on, is, I believe, new. 
Those upon record which approach most nearly to it, relate to 
certain properties of milk and of magnesia respectively, which 
when diffused through water produce a reddish diffuse trans- 
mitted light, and a bluish diffuse reflected light, 

My own experiment just mentioned, differed from these in 
two points; first, that the red transmitted light was direct, and 
not diffuse; and secondly, that the blue diffuse light was 
wholly wanting, Nevertheless, a study of the phenomena led 
me to the conclusion that these several experiments as well as 
many other new ones, depended upon the same cause, and that 
consequently the explanation given for the few cases that have 
been up to this time observed and described, is insufficient. 

Becquerel in speaking of the two cases just mentioned, viz: 
magnesia and milk, observes in his very valuable work on Light: 
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“La diffusion qui est tres-forte pour les rayons trés-réfrangibles fait 
paraitre ces corps blancs et méme bleuatres par reflexion, et jaunatres par 
transmission. En effet la lumiére transmise comprend celle qui échappe 
A la diffusion par reflexion ainsi qu’é l’absorption; plus cette diffu- 
sion est grande, plus la partie est faible a égalité d’absorption, et vice 
versa; en outre la couleur des rayons diffusés est complémentaire de celle 
des rayons transmis.”* 

This indeed can scarcely be called an explanation, it is rather 
a re-statement of the facts in a more general form and simply 
affirms that the red rays have a greater tendency to be trans- 
mitted and the blue to be diffused. Nor does this seem to 
have been deduced from any observed properties of light, but 
appears to have been adopted from an analogy real or supposed, 
with properties of heat. It will be necessary therefore to 
glance for a moment at these properties of heat. 

In 1840, Melloni showed the necessity of admitting the exis- 
tence of a diffusive power in heat, from overlooking which, a 
large portion of the experiments recorded up to that time, were 
rendered inconclusive, especially those of Leslie, some of which 
till then, had been looked upon as fundamental in establishing 
the laws of heat. Up to that time, when heat fell upon any 
surface, it was held to undergo specular reflection, transmis- 
sion and absorption. Melloni added to these, diffusion. 

To enter at large into his experiments would take up too 
much space here. The essential point is, that, taking rays of 
heat, chiefly of high refrangibility, issuing from a lamp, he 
sifted out from these the rays of less refrangibility by causing 
them to pass through a lens, which at the same time, rendered 
them nearly parallel. These rays were then allowed to fall 
upon a disc of pasteboard covered with white lead. A thermo- 
scope placed so as not to receive rays specularly reflected, was 
nevertheless powerfully deflected. To ascertain whether or not 
this deflection was produced by radiated heat, he interposed a 
screen of glass between the disc and the thermoscope ; scarcely 
any diminution of the deflection followed. Had the rays 
been absorbed and radiated, they would have been of low refran- 
gibility and would have been to a large extent, stopped by the 
glass screen, As they were not so stopped they were evidently 
rays of high refrangibility issuing from the lamp, The thermo- 
scope being carried around the disc at the same distance and 
angle indicated an unvarying deviation. This showed that the 
effect observed could not arise from specular reflection. 

It therefore followed that the deviation of the thermoscope 
was due to a function of heat different from any previously 
recognized, distinguished from specular reflection by the fact 


* Becquerel, La Lumiere, ii, 10, 
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that it exerted itself in all directions equally while specular re- 
flection took place in the plane of incidence only ; distinguished 
from radiation by the fact that it is not like the latter, preceded 
by absorption. 

Different substances showed great differences in the energy of 
their diffusion. Smoke black diffused all rays equally, but very 
little. Some diffused largely, and all rays equally; this was 
the case with the metals. Others again diffused rays of high 
refrangibility much more than those of lower refrangibility. 

In seeking analogies between heat and light, Melloni com- 
pared this new function of heat with that species of irregular 
and diffused reflection in light which conveys to our senses 
the conception of color. Smoke black he observed was truly 
black as respects heat, as well as light, diffusing in both cases 
very little, but rays of all refrangibilities equally. The metals, 
in their relations to heat, corresponded with bodies white as 
respects light, as they diffused freely, and all rays equally. 
Those bodies which exercised an election to the rays, absorbing 
more of some, and diffusing more of others, he compared to 
bodies which are colored as respects light, This heat color he 
termed thermochrosis. 

This analogy however, though striking, is far from perfect. 
For those bodies which exhibited an election, always absorbed 
the less and diffused the more, refrangible rays of heat. If the 
phenomena of light had been strictly analogous, we should on 
the one hand have had only black, white, and blue bodies. Or, 
on the other hand there should be bodies found absorbing the 
more, and diffusing the less refrangible rays of heat; these 
would have been analogous to bodies red, yellow and green, as 
respects light. 

This defect in the analogy is not alluded to by Melloni. 
And of late years this function of heat has been, as appears by 
the quotation already made, compared to one of light distinct 
from the analogy of color imagined by Melloni, viz: to the prop- 
erty alleged to exist in milk and magnesia, of being red by 
transmitted and blue by diffused rays. 

It will be observed how extremely unsatisfactory is this whole 
explanation, The appearances alleged to exist in milk and 
magnesia are said to arise from the tendency of blue rays to 
diffusion and red rays to transmission, without any reason being 
assigned for this tendency. Its existence is assumed to be 
proved by Melloni’s experiments on heat. On examining Mel- 
loni’s statements we find that he says nothing about the greater 
tendency of the less refrangible rays of heat to be transmitted, 
but only to be absorbed. Again, he considered the phenomena 
which he described to correspond with a set of light-phenomena 
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entirely different. And farther, he attempted no explanation 
of the elective tendencies of these bodies as respects heat, but 
simply recorded the fact. 


In the present paper I purpose to examine more particularly 
than has been heretofore done, the phenomena above spoken of, 
and to show that they have a very wide extension, and present 
very varied effects. That the appearances heretofore observed 
and many analogous new ones which I shall here describe, de- 
pend altogether upon Interference, and under that view are 
susceptible of a satisfactory explanation. 

These phenomena present themselves in three different 
aspects, which may be classified as follows : 

Case First.—A strong beam of yellow, red, or reddish yel- 
low direct light ts produced without the complementary blue 
being visible. 

Case Srconp.—The yellow or red direct beam is visible and 
simultaneously the blue, the latter diffused. 

Case Turrv.—Reddish and bluish light, both diffused, are 
simultaneously visible. 

The simple existence of this third class disproves the expla- 
nation usually receive:t and quoted above, for that explanation 
affirms that the red light tends to transmission, and the blue 
to diffusion. I shall endeavor presently to show that in one of 
the very instances usually quoted, the red and blue light un- 
dergo diffusion equally. 


Case first.—Production of a yellow or red beam of direct 
light, in the absence of blue. 

Let us take an ordinary plane silvered mirror about six 
inches by eight, and, allowing a large beam of sunshine to pass 
into the darkened room, let the beam fall upon the mirror lying 
horizontally or nearly so, upon a table, so as to be reflected 
upon the ceiling or a white wall, fifteen or twenty feet distant. 

Let us now interpose in the path of the ray after its reflec- 
tion from the mirror a plate of very finely ground glass, The 
ray which now passes through the colorless glass is no longer 
white, but of a deep yellow color, It is necessary in order that 
this experiment should fully succeed, that the grinding should 
- extremely fine. Ordinary ground glass will not answer at 
a 

As it is extremely difficult to procure glass ground finely 
enough, it is fortunate that the same result can be produced in 
many different ways. One of the best, is the imprisonment of 


* The glass must be merely “greyed,” not ground, and with the finest emery. 
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gelatinous alumina in a film of collodion. This is accomplished 
as follows : 

A salt of aluminum soluble in alcohol is selected, the bromid 
is that which I have used. A few drops of strong alcoholic 
solution of the aluminum compound is added to ordinary plain 
collodion (made by dissolving a drachm of photographic pyroxy- 
lin in six ounces of ether and as much alcohol) and to this a 
very few drops of strong liquid ammonia are added, and, after 
shaking, a little ether. After standing a day, this mixture can 
be extended over glass, and after it is set, the bromid of ammo- 
nium is to be washed out, and the film dried. 

Such a plate placed in the path of the ray colors it bright 
orange yellow. If it be laid upon the mirror so that the ray 
passes through it twice, viz: before and after reflection, the 
beam will be colored orange red. 

Thin strata of bromid of silver upon glass produce a simi- 
lar effect. 

My own views as to the nature of this coloration which will 
be presently explained, led me to the conclusion that a pre- 
cisely similar result would be produced by any substance of a 
sufficiently fine state of division, irrespective of its color. 
Experiment confirmed this expectation and led to a remarkably 
striking experiment. Colorless white light was dyed deep or- 
ange red by passing through a bright blue film. 

To make this experiment in a rigorous manner, both cobalt 
and chrome blue were rejected in consequence of their tend- 
ency under certain circumstances to transmit red rays, by rea- 
son of their two maxima of absorption. Copper was selected 
which is wholly free from this objection, and films of hydrated 
oxyd of copper were obtained by preparing a saturated alcoholic 
solution of chlorid of copper, and by treating it precisely as 
explained in the case of alumina. 

Reflected sunlight transmitted through these plates was 
colored red. I scarcely know any experiment in optics that 
strike an intelligent observer with more surprise when first seen, 
than this. The film when observed by diffuse light is blue. 
White objects viewed through it are colored strongly blue, but 
rays of sunlight transmitted through it, become salmon-red. 


Case second.—Yellow or red direct rays are produced, and 
blue diffuse light is seen simultaneously. 

Finely divided sulphur in the amorphous condition exhibits 
this effect very beautifully. To obtain it, two or three drops of 
sulphuric acid are added to fifteen or twenty ounces of water, 
and then two or three drops of sulphydrate of ammonium. 
In five or ten minutes the sulphur separates but remains sus- 
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pended in the liquid, If this be then placed in a glass trough 
with parallel sides, and a beam of sunlight be sent through it 
and received on a screen 15 to 20 feet distant, the image has 
a deep yellow color. The liquid itself presents a rich blue 
tint. If the liquid be transferred to a large glass vessel with 
cut facets placed in direct sunlight, the effect is very beautiful, 
flashes of deep gold colored light contrast finely with the rich 
blue of the liquid. 


Case third.—Blue light and red are seen simultaneously and 
both are diffused, 

When sago is made into translucent paste with hot water, it 
exhibits a distinct bluish color. The paste is to be largely dilu- 
ted with water and placed in a black vessel, such as a flat gutta 
percha trough, in which it should form a layer at least an inch 
in depth. An oblique beam of sunshine passing through a 
hole of half an inch diameter in the shutter of a dark room, 
falls upon the surface, forming a bright oval, surrounded by 
a halo two or three inches in diameter. One half the halo, 
that farthest from the window, is yellowish red, the other half, 
bluish. 

The proportion of the two colors is nearly equal, and both 
are equally diffuse. Common starch gives analogous results, 
not however quite so well marked. And the same effect is 
produced by milk diluted with about 50 times its bulk of water. 
With precipitated magnesia I did not perceive the blue light. 
It was very perceptible with alumina, though not nearly so 
much so as with milk, which shows the effect remarkably well. 


These various effects appear to be all due to one and the 
same cause, interference. Let us first take the case of the 
ground glass and consider the effect of a very small abrasion of 
the surface. At the edge of this abrasion, two parallel im- 
pulsions of light pass, the one through the abrasion, the other 
through the original surface of the glass. At any point beyond, © 
both have traveled the same distance, with this difference that 
for a very small space corresponding with the depth of the 
abrasion, the one will have traveled through air while the other 
will have traveled through glass. The latter ray will have 
suffered a change of phase corresponding with the retardation 
occasioned by the glass and proportioned to its index of refrac- 
tion, and therefore these two rays will be in a condition to in- 
terfere with each other. 

If we take the index of refraction of the glass at 15 it is 
evident that the ray passing through the natural surface will 
be retarded in the proportion of 1°5 to 1 for a distance equal 


370 M. C. Lea on certain phenomena of Light. 


to the depth of the abrasion. If this depth be extremely small, 
the blue rays will interfere, while the less refrangible rays do 
not. And for different depths of the abrasion we shall obtain 
a succession of interferences corresponding with the transmit- 
ted spectra of Newton’s table of the colors of thin plates. 

But as these scratches are unequally disposed over the surface 
and in close contiguity, it is evident that if various colors are 
produced at every point of the glass, these will re-compose 
white light, and the transmitted beam will be white. This 
takes place with common coarsely-ground glass. But if the 
abrasions are extremely small and very close, an excess of 
red light will be produced. If they are chiefly but not alto- 
gether small, the red light produced by the small ones will be 
diluted with white light, both that transmitted without inter- 
ference and that re-composed after interference. And this ex- 
actly corresponds with the results observed. 

Taking the case of two adjacent waves so striking upon the 
glass that one passes through the abrasion while the other 
passes through the glass, let us suppose that the abrasion has 
a depth of ‘000475 millimeter, and that the glass has an 
index of refraction of 1°5; it is evident that a mean blue ray 
whose wave length in air is (000475 mm. will have accom- 
plished one oscillation while the adjacent wave in passing 
through the corresponding and equal space of glass will have 
accomplished exactly one and one half oscillations. Its 
phase will therefore be precisely the opposite of that of the first 
wave, and these two will be in condition to extinguish each 
other by interference. Abrasions therefore of the depth just 
mentioned will tend to the production of red light by extin- 
guishing a certain portion of the blue.* 

The effect of fine particles contained in a film is evidently 
quite analogous. If one impulse of light passes freely through 
a collodion film, while the adjacent one encounters and passes 

through a small particle of oxyd of copper, alumina, etc., it 
will be retarded or accelerated in comparison with the former 
according as the index of refraction of the substance is greater 
or less than that of the pyroyxlin, and in proportion to the 
relation between the two. 

When the red light in place of being direct, is, as in the 3d 
case, diffuse, it admits of the following explanation. Direct 
rays of light entering a medium which holds objects of a dif- 
ferent refractive power in suspension will be partly transmitted 
through and between these objects, and partly reflected by 

* Although the retardation of glass of 1:5 as compared with air corresponds 
for a thickness of ‘000475 mm. with the half wave length of the mean blue ray, 


it it probable that the most vivid red light would be produced by a somewhat less 
retardation corresponding with a somewhat less depth of groove or abrasion. 
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them. As the reflecting surfaces will be irregularly distributed 
in every direction, the light which is not transmitted will be 
reflected in every direction. This diffusely reflected light will 
in some cases pass through the particles, in other cases pass 
between them. If the particles have a higher index of refrac- 
tion, those rays that pass through them will be retarded; if a 
lower index, they will be accelerated. In either case, those 
that pass through the edges of the particles will be in a condi- 
tion to interfere with those that pass immediately adjacent, 
And if the particles be very small, the number of such inter- 
ferences will be very great, and the preponderance of color pro- 
duced will be red by the extinction of blue rays, 

Nor is this the only way in which interference may take 
place. If we suppose the two bounding planes of the particles 
through which the ray passes, to be parallel or nearly so, it is 
evident that interference may result between the transmitted 
ray, and another ray twice reflected in the interior of the 
particle precisely as in the case of the plate of air, etc., in 
Newton’s thin plates, 

This latter mode of interference also gives us easily the key 
to the production of blue diffused color in the second and 
third cases. 

For if the bounding planes of the particle be perpendicular 
then the light irregularly reflected through the liquid falling 
in some cases with nearly perpendicular incidence upon parti- 
cles, the ray reflected at the second surface will be in condition 
to interfere with that reflected at the first ;and if the parti- 
cles be sufficiently small, this will always result in the produc- 
tion of blue light. This interference will take place equally, 
and the result will be the same whether the particles have a 
higher or lower index of refraction than that of the medium 
in which they are suspended. 

For, let us in the first place, suppose them to have an index 
less than that of the medium. The incident ray then, suffers 
reflection at the first surface without change of phase. The 
transmitted ray is reflected in part at the second surface, the 
medium having by supposition a higher index of refraction 
than the particle, a change of phase equal to half an oscilla- 
tion is produced, and if the particle had no thickness, the two 
rays would extinguish each other. If we suppose the particle 
to have an appreciable though small thickness, the blue rays 
would become concordant with a thickness smaller than that 
necessary for the red, and the reflected ray will be tinged 
with blue. 

If the particles have a greater index of refraction than the 
medium, the ray reflected at the first surface will suffer a change 
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of phase, and not that reflected at the second. Thus in either 
case, whether the particle have a greater or less index than the 
medium, there will be a difference of phase equal to half an os- 
cillation between the rays reflected at the two surfaces, inde- 
pendently of the thickness of the particle, and this with 
minute particles will always lead to the production of blue 
light by the interference of the two reflected beams. 

There is one condition that will be particularly favorable for 
the production of red light by rays both of which pass through 
the particle and of blue light by rays reflected at the front and 
back surface: this is when the particles have a spherical form, 
as will appear from the following considerations. 

Let direct rays of light, L, L’ strike any sphere 8. Those 
that strike nearly in the di- “ 
rection of a diameter will be 
principally transmitted. Oth- | 
ers striking more obliquely at 
any point O will be largely 
reflected. As there are many 
globules, there will result a 
bundle of rays R R R’R, and 
similar parcels will be irregu- 
larly reflected in all angles 
and directions ; for rays L'O p 7 
will strike at all points of the ~ 
front hemisphere of the globule 8. Let us consider any one 
set of parallel rays RR R’R. These will strike other spheres 
and each sphere will receive rays like R’ following the course 
of a diameter. At M a portion of the light will be reflected 
back and a portion will pass into the sphere, part of which 
will be again reflected at N. These two last beams returning 
in the direction M R’ P will be favorably affected for interfer- 
ence. 

In this way, diffuse rays are irregularly reflected in all direc- 
tions from the surfaces of the spherical globules, and in falling 
apon other spheres, each direction finds a corresponding di- 
ameter bounded by tangential reflecting planes parallel to each 
other and perpendicular to it. Consequently a much larger 
proportion of the incident rays are caused to interfere in the 
case of spherical particles, than of those that are angular or 
crystallized. 

If the spheres be sufficiently small, this will result in the 
production of blue light returned in some direction MR’. If 
the spheres be of irregular sizes, the blue light will be more or 
less diluted with white. These results will follow whether the 
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spheres have a greater or less index of refraction than the 
medium, for the reason already given. 

Another portion of the ray R’ passes through the sphere at 
N and interferes with a ray twice reflected, viz: at N and M, 
with production of red diffused light in some direction at N P’. 

The phenomena which I have endeavored to describe and 
account for, are not without a certain superficial resemblance 
as respects their origin, to another set of interference effects 

roduced by fine particles adhering as dust upon mirrors or 

thick plates of glass. They exhibit this characteristic differ- 
ence, however, that the colors of thick plates are produced by 
the interference of two waves diffusely reflected by different 
particles. Whereas in the phenomena here described, this is 
not the case. 

I have included in this brief description a few only of a very 
large series of experiments. The conditions may be greatly 
varied, and many phenomena more or less familiar are ascrib- 
able to these causes. 

Thus lampblack if extended somewhat thinly over glass by 
smoking it, gives a film which colors luminous objects viewed 
through it, deep red, for lampblack in thin films is more or less 
transparent to light (and also to heat, as shown by Melloni). 
The same lampblack which thus transmits red light, is capable 
of diffusing blue, as may be seen, not, indeed by suspending it 
in water, but by diffusing a small proportion of it through a 
white pigment, The result is not a mere dilution, which would 
give gray, but the production of the well marked blue color 
known as lead-color. 

Again, if a jet of steam be thrown out into the atmosphere, 
it is quickly condensed into fine particles of water. If when 
the sun is near the horizon, we stand nearly in a line between 
it and the jet of steam and at thirty or forty feet from the 
latter, it acquires a strong blue shade. 

So when the sun shines through hazy air, its light takes a 
yellow tinge. The same is the case when it is viewed through 
a considerable thickness of water, as by a diver. The blue 
color of the sky, and the red of the morning and evening sky, 
have been explained in an analogous way. There can be little 
doubt that the brilliant colors of the clouds at sunset are due 
to interferences, but in this case the interference is between two 
waves both reflected, precisely as in the case of halos. An 
analogous effect to halos can be produced by breathing on 
a glass plate and observing through it the bright light of the 
sky as seen through a hole in a dark shutter. This experi- 
ment is not new; and the circular form of the interference 
rings seen depends upon the regularity of the particles. But 
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if the regularity be destroyed by rapidly moving the plate in 
irregular directions while breathing upon it, irregular patches 
of color are produced which are the analogues of natural col- 
ored clouds, In fact the rich colors of the sunset are but bro- 
ken and irregular interference halos. 

Wood smoke seen in large quantities as from piles of burn- 
ing brushwood, is strongly blue. As we pass nearly into a line 
with the sun, having the smoke between us and it, the color 
becomes less decided, until when the light becomes almost di- 
rect, it is yellow. A red or yellow diffuse light produced by 
interference caused by spherical globules, will always be weaker 
than the corresponding blue light, for the same reason that the 
transmitted spectra of thin plates are weaker than those re- 
flected, viz: the great difference in the intensities of the inter- 
fering beams. Consequently, until we pass nearly into a line 
with the sun it is chiefly the blue interference light that reaches 
the eye. 

Philadelphia, March, 1869. 


Art. XXXVI.—Process for determining the Carbon chemi- 
cally combined with Iron; by Prof. Eaczrrz, Director of 
School of Mines, Falun, Sweden.* 


WHEN steel or pig iron containing carbon in chemical com- 
bination is dissolved in nitric acid, a soluble brown coloring 
matter is formed whose coloring power is quite intense, and the 
solution assumes a tint which is dark in proportion to the quan- 
tity of the chemically combined carbon. 

Iron and graphite (or free carbon) do not influence this col- 
oring ; for the solution of nitrate of iron is colorless, or at 
most slightly greenish, unless extremely concentrated, and 
graphite is insoluble in nitric acid. 

Thus in dissolving two pieces of different steels of the same 
weight in nitric acid, taking care to dilute the darker solution 
until the two liquids present exactly the same color, it is very 
evident that the more highly carburetted steel will furnish the 
larger quantity of liquid, and that the proportion of the vol- 
umes will indicate the relative proportion of color in the two 
steels. 

If now the composition and content of carbon of one of the 
steels is known, the absolute per centage of carbon in the other 
steel may be immediately deduced. 


* From the Bulletin of the Chemical Society of Paris; translated for this Jour- 
nal by J. Wharton, Esq. 
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Suppose that 1 gram of each of two steels (a and 6) have 
been dissolved, and that the volumes of the two solutions 
brought to the same degree of coloring bear the relation to each 
othera: 6::5:7. Knowing that the steel (a) contains 1 
per cent of carbon, you at once deduce that the steel (6) con- 
tains 1-4 per cent of carbon. 

In applying this method of analysis, certain precautions 
must be taken, which we proceed briefly to point out. 

In a cylindrical test tube dissolve gradually in the cold 10 
centigrams of wrought iron, steel, or cast iron reduced to a 
fine powder, in 14 to 5 cubic centimeters of nitric acid of 1:2 
specific gravity (about 25° Baumé). The use of nitric acid 
containing hydrochloric acid must be avoided because the solu- 
tion of iron would have a yellow tint. 

In proportion as the metal contains more carbon, more nitric 
acid must be used. After some time, when the chief part of 
the metal appears to be attacked, place the tube in a water- 
bath to the depth of about fifteen millimeters, and warm it to 
80° centigrade. In this position only the lower part of the 
tube is in contact with the warm water; a movement takes 
place in the acid which favors its reaction upon the metal ; a 
slight disengagement of carbonic acid from all the particles 
of carbon may be observed, The operation should always be 
conducted under the same circumstances as to heat and length 
of time. 

The evolution of gas having ceased (in operating upon steel 
the reaction must continue two to three hours), place the tube 
in a large vase filled with water to bring the solution always to 
the same temperature. This precaution is indispensable be- 
cause the same liquid is darker when warm than when cold. 
Afterward, pour off as exactly as possible the clear liquid into 
a graduated burette. Upon the black residue remaining in the 
tube pour some drops of nitric acid and heat carefully over a 
lamp. If there is no further liberation of gas, the residue con- 
sists of nothing but graphite or silica. Cool the new solution 
and add it to that which is already in the burette. 

The liquid is then diluted with water until its color corres- 
ponds exactly with that of the normal liquid, which latter 
should be of such a degree of concentration that each cubic 
centimeter represents ‘0001 gram of carbon. 

If, for instance, this normal liquid is prepared from cast steel 
containing exactly ;°°, of one per cent of carbon, one decigram 
of that steel must be dissolved in 8°5 cubic centimeters of 
nitric acid ; 100 grams of steel’ containing 85 centigrams of 
carbon would thus be dissolved in 8500 cubic centimeters of 
the normal solution, 100 cubic centimeters of that solution 
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would represent one centigram of carbon, and consequently 
one cubic centimeter of the normal solution would represent 
0001 gram of carbon. 

The normal solution does not keep, and should be often re- 
newed, since it becomes perceptibly paler even within 24 hours, 
For it however may be substituted a dilute alcoholic solution of 

sugar properly caramelised brought to exactly the same tint ; 
this solution keeps much longer without sensible change. 

As one gram of iron cannot readily be dissolved in less than 
15 cubic centimeters of nitric acid, it follows that a proportion 
of carbon less than ;'%, of one per cent,* cannot be estimated 
by means of the normal liquid, but this minimum is seldom 
found in practice, 

If the proportion of carbon exceeds ,', of one per cent, the 
ferruginous solution is so concentrated that it has a light green- 
ish tint, which renders its comparison with the normal liquid 
difficult. In that case a normal liquid of one-third the strength 
is prepared by diluting the normal liquid with twice its volume 
of water ; then each cubic centimeter of the liquid represents 
only one-third of the ten thousandth part of a gram of carbon. 
When the proportion of carbon in the specimen to be analyzed 
is very large (as for instance in white cast iron) only ‘05 gram 
of the metal must be taken for analysis, and in that case half 
a cubic centimeter of its solution corresponds to a cubic centi- 
meter of the normal solution. If the metal to be analyzed 
contains graphite, the latter must be collected on a filter before 
the solution is put into the burette. 

This method is more exact in proportion as the percentage 
of carbon is smaller. With an accurate balance, and with suit- 
able arrangements, a great number of determinations of carbon 
close enough for practice can be effected in a time relatively 
very short. 

All the Bessemer steel made at Edskin in Sweden is marked 
after hammering (apres /’ éirage) by figures expressing its hard- 
ness as ascertained by this color-measuring analysis of Prof. 
Eggertz. 

It is obvious that only burettes of perfectly colorless glass 
must be used, or at least they must all have exactly the same 
tint. 


* O. D. Allen of the Freedom Iron Works, Penn., has found it quite practicable 
by a modification of this method to distinguish betw een irons containing respec- 
tively 15 and ,4% of one per cent of carbon. 
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Art. XXX VII.—Geographical Notices; by D. C. 


Arctic RESEARCHES. 


1. Dr. I. I. Hayes continues to commend to public atten- 
tion the importance of sending out a new American expedition 
for the survey of the Polar basin, entering by Smith’s Sound. 
The following summary of his project is printed in the New 
York Tribune. 

“First: as to design. The design of the expedition which I 
have proposed is to complete the exploration of the entire 
region northward of Baftin’s bay: to trace Greenland and 
Grinnell Land to their termination ; then ascertain if other 
lands lie to the northward ; to explore the Open Polar Sea ; 
and lastly to reach the North Pole, making upon the course 
such observations as circumstances will allow. Thus will a 
field be opened for the most valuable discoveries, in geography, 
geology, in glacier formations, magnetism, countries and cur- 
rents, and in natural history. Second: as to plan. I would 
set out in May with two vessels, one a small steamer, and 
would make my course northward, provided with the best chart 
of Greenland, through the Middle ice, until I reached Smith’s 
Sound, in latitude 78° 17’, where, in my old harbor of 186061, 
I would pass the winter. Here there is abundance of game, 
and I would found a colony. Walrus, seals, reindeer, and 
foxes, could be caught in great numbers, and not only would 
the colony be made self-sustaining, in point of food, but a valu- 
able cargo of furs and oil might be collected. Then I would 
push northward the next summer with the steamer, and would 
thus strike for the North Pole. In any case, I would secure a 
harbor, and a base of operations much to the north of the col- 
ony, and thus would the steamer and the colony become the 
centers from which the explorations already mentioned would 
be made. Third: As to cost. A public-spirited citizen of 
New York has offered to supply a suitable steamer, and there 
is good reason to suppose that we could obtain from the govern- 
ment the loan of a sailing vessel, one of the many not in use. 
These vessels furnished, they could be equipped and maintained 
in the field through two summers and two winters, at a cost of 
$40,000. Fourth: Let it be remembered that this is “the 
American route.” The land extends there further north than 
in any other quarter so far as known, and Americans have 
thence explored to within less than eight degrees ; that is to 
say, within 450 miles of the Pole. Independent, therefore, of 
the value to science of this particular line of discovery above 
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any other in the unexplored parts of the Arctic regions, there 
is something of national honor involved in the pursuit of it, 
especially at this time when England, France, Germany, and 
Sweden are each aiming to reach the North Pole by various 
other routes ; to which end expeditions are now actually pre- 
paring. Shall we let those nations win from us the coveted 
honor of priority ? I do not believe there is a single person 
within the sound of my voice who would be indifferent to the 
matter, and who would not unite to see the American flag first 
planted at the North Pole. Fifth: As to the advantages of 
the Smith’s Sound route over all the other routes, for discovery 
in the unexplored parts of the Arctic regions, they are but the 
simple enumerations which I have before made to the Society : 
1. Land as a base of operations ; 2. The opportunity to colo- 
nize a party of hunters and natives as the means to a perma- 
nent support.” 

2. Capt. Sizas Bent, late of the U. 8. Navy, who rendered 
important hydrographical services in the Perry expedition to 
Japan, and who was also attached to the Preble under Capt. 
Glynn in an earlier visit to Japan, has also published his views 
on the subject of the best mode of reaching the North Pole. 
They are found in a iecture given before the Missouri Histori- 
cal Society in St. Louis, Dec. 10, 1868, which embodied two 
brief communications to the American Geographical Society of 
New York. (This is printed in a pamphlet of 30 pp. with a 
map, St. Louis, R. P. Studley.) Capt. Bent while on the 
coast of Eastern Asia made important observations on the 
Kuro-Sirvo or Japanese Gulf Stream, which presents some very 
interesting analogies to the American Gulf Stream.* These 
observations are contained in the second volume of the Report 
of the Perry expedition. In his opinion, every attempt to 
reach the North pole should be made by following the continu- 
ation of one or the other of these gulf streams, that is, 
through Behring’s straits or by the Spitzbergen route, which 
he terms the “thermometric gateways to the pole.” He is 
therefore decidedly opposed to the project of Dr. Hayes for an 
expedition through Smith’s Sound. His views, though formed 
independently and upon his own observations and studies, coin- 
cide in many respects with those which are held by the conti- 
nental geographers in Europe. 

3. The very interesting observations on the coast of ‘“‘ Wran- 
gell’s Land,” in the Arctic ocean, made in 1867 by Captain 
Long of an American whaling vessel, and announced in the 
Pacific Commercial Advertiser, have awakened a great deal of 
comment in the European journals; and have led Dr. Petermann 


* Originally suggested by W. C. Redfield, this Journal, xxv, 181, (1834), xlv, 
301, (1843). 


D. C. Gilman—Geographical Notices. 


in his Journal for January, 1869, to publish a map illustrative 
of all the researches which have been made in the Polar sea, 
entering at Behring’s straits, from the days of the Russian 
Deshnew, in 1648, the Danish Behring in 1729, and the Eng- 
lish Capt. Cook in 1778, to those of our countryman, Capt. 
Long, in the summer before last. 

This historical survey concludes with some remarks, a sketch 
of which may interest some of our American readers. The 
history of discoveries in the Polar sea within Behring’s straits 
is instructive in reference to the question, of what use will the 
Polar sea ever be ? and why these repeated expeditions ? So 
far as yet explored, it is a very limited portion of the ocean, 
far distant from Europe, known to the Russians for more than 
two hundred years and yet to them of scarcely any use. But 
the enterprising Americans have shown what can come from 
such a sea of ice. Capt. Roys, first of the American whalers, 
visited this sea in the summer of 1848 ; he crossed from conti- 
nent to continent as far as 72° N. lat., saw no ice, but many 
whales, which were unusually fearless and easily captured; and 
during the season he had such good weather that the seamen 
wore light clothing. In consequence of his successful cruise, 
the next year not less than 154 American vessels manned by 
4650 sailors went to Behring’s straits and had great success in 
whale fishery, their captures in two years being valued at 
$8,442,453. 

For twenty years the business has been prosecuted in that 
region with increasing energy, and, notwithstanding the captures 
which have been made, it continues to yield important results. 

To these remarks the writer adds an exaggerated report of 
the value of American whale fisheries. We are enabled on good 
authority to say that whales have diminished in the Arctic seas 
as in all other fields, and the fleet is consequently reduced. 
There will not be more than forty vessels in the Arctic during 
the coming summer, 

On the other hand, it is reported that from St. Paul’s and 
St. George’s islands, in Behring’s sea, south of the straits 
(part of the Alaska purchase), 200,000 fur seals were captured 
during the year 1868, valued at about $1,000,000. 

An “independent treatise on the Arctic fisheries of the Ger- 
man ports is soon to be published as one of the supplements of 
Petermann’s Journal, 


SounpiIneGs AND TEMPERATURES IN THE GuLF SrREAM, By Com- 
MANDER Cuimmo, R, N. 


Comm. Chimmo, R. N., in H. M. 8. Gannet, was ordered on 
a homeward voyage, last year, to define the northern limits of 
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the Gulf Stream, and to take deep soundings and tempera- 
tures within those limits. From his communication to the 
Royal Geographical Society, we gather the following facts, 
He sailed from Halifax, July 1, 1868. 

1. Lat. 43° 20’, long. 60° W., 30 miles south of Sable Isl- 
and, a sounding was obtained of 2600 fathoms, or 15,600 feet, 
nearly 3 miles ; with a weight of 232 lbs. and Brooke’s appa- 
ratus, the rod brought up, after four hours patient hauling, 
foraminifere, in their various forms, chiefly globigerine, the 
interior of those fully developed being coated with fine quartz- 
ose sand. 

2. West edge of the Grand Banks, A sounding of 1500 
fathoms, 9000 feet, brought up quartzose sand, with globular 
forms of calcareous formation, and some alge with parasitical 
attachments. The temperature of this mud or ooze was 56° ; 
but at 1000 fathoms the thermometer showed 40° 3’, and at 
500 fathoms only 39° 5’, the sea surface being 60°. 

3. Having run north of the limit of the Gulf Stream, he 
stood to the southward, and at a depth of 1500 fathoms the 
cup brought up the usual gray impalpable mud or ooze. Tem- 
perature at surface 65°, and at 100 fathoms 15°. 

4, Thirty miles south of the Grand Bank, where the deepest 
waters of the Atlantic were supposed to be, the same ooze was 
found at a depth of 1450 fathoms, disproving the idea of the 
deepest water being here. The same stratum of cold arctic 
water was here passing under the warmer waters of the Gulf 
Stream. The rod brought up a piece of feldspar, with parti- 
cles of mica, evidently deposited by icebergs from Davis’ Straits, 
and that very recently. 

5. Lat, 42° 37’ N., and long. 41° 45’ W.; 4300 fathoms of 
line were run out, and no bottom reached. 

6. Lat. 43° 30’ N., long. 38° 50’, where “ Milne Bank’”’ is loca- 
ted, From a depth of 2280 fathoms, 13,680 ft., the rod brought 
up ooze abounding in animal, vegetable and mineral substances. 
The temperatures were as follows ; air 77°, sea-surface 73°, 100 
fathoms below, 62°, 300 fathoms below, 55°, and at 1000 fath- 
oms below, 42°. Going north again to the Polar waters, the 
surface temperature changed in 22 hours from 72° to 58°. 

7. Lat. 46°, 25 miles from the edge of the bank, a sounding 
of 1000 fathoms brought up large quantities of rounded quartz, 
of various colors. Here a section was made of the slope of 
the bank, showing its ascent, formation, etc., from 1000 fath- 
oms, of colored quartzose sand; to 650, of siliceous spicules of 
sponges ; 450, green mud ; 150, quartzose sand ; 60, stones ; 
55, stones, sand and fishbones. 

8. Lat. 44° 3’ N., long. 48° 7’ W., a sounding of 1650 fath- 
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oms brought up foraminiferee, spicules of sponge, and cocco- 
liths. Temperature, 1000 fathoms, 39° 5’; 50 fathoms, 43°; 
surface, 61°. 

9. A second sounding on “ Milne Bank,” still revealed no 
bank. In lat. 43° 40’, long. 38° 50’, the lead reached 2700 
fathoms, and the rod brought up a small particle of foramin- 
ifera, 

10, Lat. 43° 30’ N., long. 38° 5’ W., sounding of 2000 fath- 
oms, bringing up furaminiferee and a piece of stone. 

11. Lat. 43° 43’ N., long. 37° 47’ W.; a sounding of 1930 
fathoms brought up foraminiferee. Temperatures, 2000 fath- 
oms, 42° ; 1000 fathoms, 43° ; 400 fathoms, 49° ; 100 fathoms, 
59° ; sea surface, 69° ; air, 68°. 

12, Lat. 43° 39’ N., long. 36° 46’ W. A sounding of 2600 
fathoms, bringing up foraminifera, ete. 

13. Lat. 46° N., long. 29° 40’ W. A sounding of 1650 fath- 
oms brought up foraminiferee and diatomacee surrounding six 
dead hyalzea shells. 

14, Lat. 47° 11’ N., long. 23° 14... A sounding reached the 
bottom at 2000 fathoms ; temperature 42°. In this sounding 
were many globigerine. 

These various soundings, varying in depth from 80 to 2700 
fathoms, in an area of above 10,000 square miles, from Sable 
Island to the Azores, show a remarkable uniformity both of 
temperature and sea bottom. In all the organized forms dis- 
covered, says Lieut. Chimmo, no life was perceptible, except in 
two doubtful instances. ‘‘ Therefore,” he concludes, ‘ these 
minute creatures do not live where found at the bottom of the 
ocean.” This remark was questioned, after the reading of the 
paper, by Prof. Huxley, who spoke as follows : 


“With regard to the deep-sea soundings which Lieutenant Chimmo 
had described, speaking with every respect for the zeal and high intelligence 
which that gentleman had displayed in his observations, and knowing 
practically how difficult it was to make such observations while at sea, 
he still might be permitted to remark that they made no substantial ad- 
dition to what had already been establishsd by a considerable number of 
observers, with regard to the character of the Atlantic sea-bottom. In 
some respects he ventured to think—having been favored by the Hydro- 
grapher to the Admiralty with the particular soundings that Lieutenant 
Chimmo had brought home—that he had not quite clearly interpreted 
the facts. There could be no doubt that animal remains were contained 
in a very large proportion of the G@lobigerine shells. By proper meth- 
ods of treatment, by dissolving them in acids, you may get out the soft 
bodies. Not only so, but Professor Frankland, to whom he had sub- 
mitted portions of such soundings, had determined, by the processes of 
organic analysis, the existence of more than 14 per cent of organic mat- 
ter in these soundings; which 1} per cent of organic matter could be 
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clearly identified by the microscope in two shapes: in part as Globige- 
vina shells, in part as a confused network of simple organisms, distinct 
trom the Globigering—one of the most remarkable of simple organisms, 
to which he had given the name of Bathybius. That simple organism— 
one of the simplest forms of animal life—we now know covered the 
whole area of the North Atlantic in all the regions that had yet been 
surveyed, The very admirable soundings in the Indian Ocean, which 
had been made by Captain Shortland, to which Captain Sherard Osborn 
referred, had enabled him to extend his knowledge of that organism. 
From the Arabian Gulf, at a depth of 2800 fathoms, along the whole of 
the east coast of Africa, round the Cape of Good Hope, and along 
the west coast until it joined the North Atlantic again, he could trace 
throughout the whole extent, at these prodigious depths, that that sea- 
bottom was covered with a network of organic matter. There could be 
no sort of doubt that living animals exist at the bottom of the deepest 
seas yet explored. How they lived there, how they acquired their store 
of food, was one of the most curious questions of organic chemistry ; one 
which we could not solve at present. But it was the fact that there 
were two distinct constituents in this Atlantic mud: one of them like 
the organisms which he had described and the Globigering living on the 
sea-bottom, and the otber siliceous remains of organisms living near the 
surface, and which only reached the bottom after they died, for their 
skeletons had sunk down through the great depth of sea-water and mixed 
with the living creatures at the bottom. He looked upon those two re- 
sults as now definitely acquired to science. He might remark, perhaps, 
in reference to something which was let fall by Captain Osborn, that, as 
tar as he had been able to examine the deep-sea soundings from the Ara- 
bian Gulf, the character of the bottom was, in the main, very similar to 
that of the great Atlantic plateau. Over most parts of it the sticky, 
adhesive Globigerina mud exists in large proportion, and in certain 
parts Globigering are replaced by an excessively fine and attenuated sand. 
But in all the specimens which had been brought up by Lieut. Chimmo, 
there was an entire absence of every thing but the very finest and softest 
calcareous or siliceous matter.” 


Hiacuest PEAKS OF THE CAUCASUS. 


Readers of a recent article on the Caucasus, in this Journal, 
by Capt. v. Koschkull, may be interested in having their atten- 
tion called to a capital map of that mountain range, which is 
given in Petermann’s Mittheilungen, ii, 1869. The accompany- 
ing notes give the following as the elevations of the four most 
important peaks of the proper or Great Caucasus : 

Elbruz, 18,572 Eng. feet, 17,426 Paris feet. 

Koschan-tau, 17,123 16,066 

Dych-tau, 16,928 15,883 

Kasbek, 16,546 15,525 

The Ararat is almost equally high with the Dych-tau, viz: 
16,916 Eng. feet, or 15,872 Paris feet. 
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GEODETIC MEASUREMENTS IN EvROPE. 


There is a good prospect that at an early day, the measure- 
ments of an arc of meridian, undertaken by the Russian gov- 
ernment, will be extended into the Turkish dominions, and 
possibly into the island of Crete. If the project is carried out, 
an arc of 35° 35’ will have been measured, extending from 
35° 5’ to 70° 40’ N. lat., the utmost possible in Ewope. A 
measurement of the 52d parallel, between Valentia on the Irish 
Coast and Orsk on the Kirgisen Steppe, has lately been com- 
pleted.—Petermann, ii, 1869. 


Art. XXXVIII.—The Cohahuila Meteoric Irons of 1868, 
Mexico; by J. Lawrence Smiru, Louisville, Ky. 


THE region of Mexico bordering on Texas seems to have 
been most profusely furnished with these celestial visitors. In 
1854 I first drew the attention of the scientific public to the 
meteoric irons of this region, at which time I described one 
brought from there by Lieut. Gouch, referring at the same time 
to one mentioned by Mr. Weidner near the southwestern edge 
of the Balsin de Mapini, on the route to the mines of Panal, 
weighing not less than one ton; also to another mentioned by 
Dr. Berlandier, in his journal of the commission of limits, that 
at the Hacienda of Venagas there was (1827) a piece of iron 
that would make a cylinder one yard in length with a diameter 
of ten inches. It was said to have been from the mountains 
near the Hacienda (see my article on the subject, this Journal, 
1854). In the description there given it was stated that the 
specimen examined came from 60 miles north of Santa Rosa, 
and therefore in one or two collections in which it is to be found 
it is called incorrectly Santa Rosa meteorite. I was allowed 
to cut off but a small piece of it from the original specimen, 
which is in the Smithsonian Institution, and consequently I 
was able to supply but two or three specimens. For the discov- 
ery and collection of the specimens now under consideration we 
are indebted to Dr. H. B. Butcher, and I will give a full detail 
of the discovery as communicated in letters to his father by 
Dr. Butcher, to whom the scientific world are certainly indebted 
for the labor, expense, and danger incurred in procuring them. 
I must not, however, fail to state that I am indebted to Dr. 
Feuchtwanger for first informing me of the fact of their arri- 
val in this country, and for the exhibition of a small fragment 
to the members of the American Scientific Association at Chi- 
cago in 1868, 
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In a letter dated September 8th, 1868, Dr. Butcher writes, 
from information received from the son of Dr. Long who had 
resided many years at Santa Rosa, that in the fall of the year 
1837, there appeared over the town a most brilliant meteor, 
having a northwest direction. He describes it as most beauti- 
ful, lighting up the whole horizon, with a trail of brilliant 
light following in its progress. Shortly after its disappearance 
among the distant mountains, they heard a rumbling sound, 
immediately followed by a tremendous explosion, 

From the report he thought it fell and exploded as it reached 
the earth, somewhere between Santa Rosa and the mountains, 
a distance of some thirty-five miles, and the next day he started 
with friends to examine the route, hoping to find it. After 
two days severe and rough riding they abandoned the search, 
and returned to town. Shortly afterward, an Indian brought 
a piece weighing 10 or 12 Ibs. into Santa Rosa, supposing it to 
be silver, having found it some 90 miles northwest of the town, 
being in the same direction in which Dr. Long and his friends 
had been exploring, the doctor having been deceived as to dis- 
tance, he only going to the base of ‘the mountain, instead of 
crossing it and then following the valley for some 40 miles far- 
ther where I think his search would have been a success. 

Dr. Butcher now undertook the search, after which he writes : 
‘“‘T have returned fully successful, and am making preparations 
to send on the iron. In making my arrangements, I hired 
eight Mexicans and two Indians as guides, and started into the 
mountains in a N. W. direction, the same as taken by Dr. 
Long, and found the iron about 90 miles from Santa Rosa. 
As no vehicle could go into the mountains by the route we en- 
tered, I spent two days in exploring a new road, whereby the 
ox teams could bring them out, and get them to Santa Rosa. 
They consist of eight pieces, varying from 290 Ibs., which is 
the smallest, to 654 lbs., which is the largest, making a total of 
nearly 4000 ‘Ibs. Before the explosion, “the weight “aust have 
been much greater, as it is not probable that T have secured 
the whole, and we know some was taken away by the Indians, 
who thought they found large masses of silver, and carried 
their specimens to Santa Rosa. It appears there is on record 
a statement of the meteor having passed over the city in 1837, 
and one of my guides relates as a fact, that at that time (1837) 
a Lepan Indian was riding one of their small ponies through 
the valley, when his stirrup struck against one of the masses, 
causing a ringing sound like silver. He dismounted, and was 
confirmed in his opinion of silver, and took away a piece 10 or 
12 lbs. in weight, which he carried to Santa Rosa to sell. I 
have received from various sources, information relative to this 
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meteor, and all confirm me in the opinion that the autumn of 
1837 is about the time of its fall. My party were in consider- 
able danger while in the mountains, as we were encamped two 
miles from the regular trail, when some 300 Indians went through 
with a large number of their stolen horses.” 

Whether or not the time above specified is that of the fall 
of one or more of these irons, is a matter of little moment ; 
the probabilities are, however, strongly in favor of it ; never- 
theless, it forms one of the most interesting groupings of me- 
teoric irons known in any part of the world ; especially, as the 
masses are solid and compact masses, and not fragile and half 
stony, as the Atacama iron, that may have been broken artifi- 
cially after. its fall, and the fragments scattered by Indians and 
explorers in search of silver. Each one of these masses merits 
a separate examination, which I hope to be able to give, sooner 
or later, to satisfy my mind on one or two points connected 
with their common physical structure and chemical composi- 
tion. But I will not delay this paper until then. 

Six of these masses have been brought to this country, weigh- 
ing respectively 290, 430, 438, 550, 580 and 654 lbs. They 
are irregular compact masses, without any evidence of stony 
minerals, They belong to the softer irons, not very difficult ta 
cut with the saw ; as yet there has been but about one ounce 
detached from one of the masses, which has enabled me to 
make out the following description : 

Specific gravity 7692. It contains— 


Cobalt, 
Phosphorus, 


Copper, 


This composition differs somewhat from the meteoric iron 
called Santa Rosa; but since examining that I have reason 
to believe that the quantity of nickel given is too small, some 
portion of it having remained with the iron; it being far 
more difficult than is usually supposed to separate accurately 
minute quantities of nickel from iron. Future examinations 
may prove that the Santa Rosa belongs to the group of irons 
under notice, 
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Art. XXXIX.—Atomic Ratio ; by Jostan P. Cooks, Jr, 


THE so-called oxygen ratio, used by mineralogists, when 
interpreted by the new chemical philosophy, is simply the ratio 
between the total quantivalences of the several classes of radi- 
cals, which enter into the composition of a mineral. Indeed 
its whole value as a specific character in mineralogy depends 
upon the fact that it expresses this fundamental relation be- 
tween the different atoms, which are associated in the molecules 
of the compound, and we propose therefore to call it the 
Atomic Ratio. 

The possible hydrates of silicon may be represented by the 
general formula 

and every silicate may be regarded as derived from the corres- 
ponding hydrate by replacing the hydrogen atoms to a greater or 
less extent. Thus the composition of garnet is proven best by* 


it 
R,, [R,] sit), 


ii vi 

in which R may be either Ca, Mg, Fe, Mn or Cr, and [R, ] either 
[Al,], [Fe,] or [Cr,]. Garnets have been analyzed, in which 
these several radicals are mixed together in every conceivable 
way consistent with this general formula, to which they all 
conform. This formula expresses all that is constant so far as 
the composition of the mineral is concerned, and the constant 
element is merely a definite ratio between the quantivalences, 
or atomicities, of the several classes of radicals taken collect- 
ively. In the last analysis this ratio is the one specific charac- 
ter, which distinguishes many mineral species, and hence its 
importance in the science of mineralogy. 

When the general formula of a mineral is given we can 
easily calculate the atomic ratio. We have simply to multiply 
the number of atoms of each radical by its quantivalence and 
Jjind the simplest ratio between these products, and this rule 
holds in whatever form the symbol may be written. Thus the 

* The system ot notation here used is explained at length in the author’s work 
on Chemical Philosophy recently published. The main feature of the system con- 
sists in writing the symbols in a linear form and separating by commas the several 
radicals, which. although united to the same central or determinant atom, are 
otherwise independent of each other, Figures below the symbols indicate inde- 
pendent atoms, except when the symbol is enclosed in brackets. These show 
that the atoms are united among themselves to form a compound radical and that 
in consequence two or more of their affinities are closed. Dashes are used to 
point out the directions in which tle several affinities of the principal radicals are 
exerted, but when the number of dashes required becomes inconveniently large 
they are indicated by Roman numerals. The Roman numerals above the symbols 
indicate as usual the quantivalence of the radicals. 
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atomic ratio of garnet is 6:6:12o0r1:1:2. So in like man- 
ner the ratio for orthoclase is 2:6:24 or 1:3:12. On the 
other hand from the ratio we can as easily construct the symbol. 
For example the ratio in the case of anorthite is 1:3:4. By 
doubling this, (2: 6:8) we make the first term divisible by 2, 
the second by 6, and the third by 4 the quantivalences of the 
several radicals associated in the mineral. Thus we have the 


ii vi iv 
skeleton as it were of the mineral R, [R,], Si, and we now 
easily add the number of oxygen atoms required to “close” 


the molecular group, which gives us for the full symbol R, 
[R, |%#O,viiSi,. In like manner from the ratio 1:3 :6 we first 


ii 
deduce the number of atoms of the three radicals, namely R, 


[R,], Si, and then we add, besides the eight atoms of oxygen 
required to unite the basic radicals to the atoms of silicon, also 
two more to “close” the molecule. 

The atomic ratio is easily deduced from the results of analy- 
sis by simply extending the usual method for finding the sym- 
bol of a body, whose molecular weight is unknown. We 
assume that the molecular weight is 100, and having divided 
in the usual way the per cept of each radical by its atomic 
weight we multiply the several quotients by the quantivalence 
of the respective radicals. Lastly we add together these pro- 
ducts for each class of replacing radicals, and compare the seve- 
ralsums thus obtained. For example Moberg’s analysis of the 
Bohemian pyrope gave the following results. 

Si 1930 or SiO, 41°35 
[Al,] 11°92 Al,O, 22°35 
Fe 7°73 FeO 9°94 
Mn 2°01 MnO 2°59 
Mg 9°00 MgO 15°00 
Ca 3°77 CaO 5°29 
Cr 3°19 CrO 4°17 
O 43°77 

100°69 100°69 

Dividing now each per cent by the atomic weight of the 
radical and multiplying by its quantivalence we obtain the fol- 
lowing numbers : 
2°76 


28) 
1°31 


‘92 54.8) 
"73 — 56 
55 


[Al] (11 

Fe (7 x3 

Mn ( 2 xX 2 

Mg (900 +24 X2 

Ca (377-40 x2 

Cr ( 8°19 + 52°2)xK 2 1°40 
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whence we deduce the ratio 
1:40 : 1:31 : 2°76 or 1:1: 2 nearly. 

It is usual in works on mineralogy to present the results of 
analysis on the old dualistic plan, as if the mineral were formed 
by the. union of various basic anhydrids with silica. Starting 
with such data it is not, however, necessary to calculate the per 
cent of each radical in the assumed anhydrids before applying 
the above rule, because, obviously, by dividing the per cent of 
each anhydrid by its molecular weight we shall obtain the same 
quotients as before, For example, in the analysis of garnet 
cited above, where the data are given on one side in the usual 
form, we have 


28 60 
Si: SiO, =19-30 : 41:35 or 60 
and so for each of the other values. 

In the symbols of the silicates as formerly written on the 
dualistic theory the atoms of oxygen were necessarily appor- 
tioned among the different radicals in proportion to their quan- 
tivalence, although this fundamental distinction between them 
was itself overlooked. Thus the general symbol of garnet 
would be written dualistically thus : 

3RO, R,0,, 3810, 

and it is evident that the number of oxygen atoms is in each 
case a measure of the relative quantivalences of the radicals, 
with which they are associated. Hence the atomic ratio might 
also be found by comparing together the quantities of oxygen, 
which the several assumed anhydrids contain, and this is the 
manner, in which the calculation has generally been made 
hitherto. Hence also the reason that the atomic ratio has 
been called the oxygen ratio and was long used in mineralogy 
before its true meaning was understood, But although the old 
method gives the same results as the new, it is not in harmony 
with our modern theories and is practically less simple. More- 
over, the principle is far more general than the old method 
would imply and may be used with all classes of compounds as 
well as with those, in which the radicals are cemented together 
by oxygen. Furthermore it is frequently useful to compare 
the atomic ratios of the complex radicals which may be as- 
sumed to exist in different minerals, and interesting relations 
may frequently be discovered in this way, which the old method 
would entirely overlook. Thus for example the symbols of the 
more important feldspars, clays and zeolites may be written in 
the following form : 
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Feidspars. 
Anorthite, Triclinic, Ca, [Al, ]""O,""'Si, 
Labradorite, [Na,, Ca], [Al 
Leucite, Ison.etric, K,, Al, 
Oligoclase, Triclinic, [Ca, Na, ], 
Albite, “ Na,, Al, ]0,""'Si,0, 
Orthoclase, Monoclinic, K,, (Al, 
Clays. 
Kaolinite, Orthorhombic, H,, H,O 
Halloysite, Massive, H,, |""O,""'Si,. 2H,O 
Pyrophyllite, Orthorhombic, [Al, O,""'Si,0, 
Agalmatolite, Massive, H,, [ Al, |""0,""'Si,0, 
Zeolites, 

Thomsonite, Orthorhombic, [Na,,Ca], [Al,]“"O,“"'Si,. 24H,0 
Natrolite, Na,, 2H,0 
Scolecite, Monoclinic, Al, 3H,0 
Analcime, Isometric, a,,| Al. 2H,0 
Chabazite, Hexagonal, 6H,0 
Harmatome, Orthorhombic, Al, 5H,0 
Heulandite, Monoclinic, Al, 5H,0 
Stilbite, Orthorhombic, a, [| Al, 6H,0 
And it will be seen that the atomic ratio of the basic radicals 
to the various complex acid radicals is the same for all these 
minerals, although the ratios of the basic radicals to the silicon 
alone are quite different. The last, however, vary according to a 
simple law and indicate a still further relation between the seve- 
ral species. These relations may be discovered by a simple 
inspection of the symbols, but they will be rendered much more 
striking by tabulating the atomic ratios deduced as above. 

Lastly, the atomic ratios express the results of analysis in 
the simplest possible terms and in a form, in which they can be 
most readily compared in various combinations, and such com- 
binations bring out unexpected results. Thus the atomic ratio 
of zircon Zr=O,=8i(4: 4) isthe same as that of garnet, when 
the sum of all the basic radicals is compared with the sili- 
con, and the two minerals although belonging to different sys- 
tems have nevertheless very nearly the same crystalline form. 
Again, zircon is isomorphous with tin-stone and rutile. Now 
the total quantivalence of all the radicals both basic and acid 
in each of these minerals (taking the symbols as they are usually 
Written) is a multiple of four and there are reasons for believing 
that the molecules of the three, last named, are more condensed 
than the common symbols would indicate. It is therefore pos- 
sible that all four may have a similar constitution as is shown 
in the following table, and the important class of minerals of 
which spinel is the type may be included in the same scheme. 
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Rutile TiO, i, Ti, 
Garnet (85 ™ Si, 
Spinel R, or [Re ro, 
Such facts as these do not of course prove anything, They 


are however suggestive, and are adduced because they 1 ilustrate 
the use that may be made of this principle of atomic ratios, 


Art, XL.—Notice of some New Reptilian Remains from the 
Cretaceous of Brazil; by Prof. O. C. Marsu, of Yale College. 


Tue only account of vertebrate fossils from the fresh-water 
cretaceous deposit near Bahia, Brazil, which appears to have 
been published hitherto, is a short notice in a paper by Mr. §, 
Allport, in the Journ: il of the Ge: logical Society of ‘London 
for 1860. In this article the author gives a description of the 
locality, and figures several specimens of reptilian and fish re- 
mains, but with no ex <planation of them except a reference to 
the opinions of Prof. Owen, and Sir Philip Egerton, as to their 
general affinities. 

While engaged in a geological exploration of the coast of 
Brazil, in 1867, Prof. CG. F. Hartt, of Cornell University, vis- 
ited the same locality, and among the fossils obtained was a 
small collection of vertebrate remains, supposed to be mainly 
reptilian, which he has recently submitted to the writer for ex- 
amination and description. Most of the specimens are too im- 
perfect to admit of accurate determination, but some, however, 
are sufficiently well preserved to show clearly their main char- 
acters, and a number of them prove to be identical with those 
obtained by Mr. Allport. Several of the specimens were found 
on examination to be portions of large fishes, in part referable 

to the genus Lepidotus, and some of them indicating apparently 
a new “type. These will be described, with other “fossils from 
Brazil, in a work on the geology of that region, soon to be pub- 
lished by Prof. Hartt. 

The most interesting of the reptilian remains collected by 
Prof. Hartt in the Bahia deposit is the tooth of a large Croco- 
dilian, from the arenaceous shale near Plantaforma station, on 
the Bahia railroad, This specimen is in an excellent state of 

reservation, and indicates a species new to science. It is 
cam. more slender, and more pointed, than the teeth of ex- 
isting crocodiles, resembling most nearly those of some extinct 
American species, It is conical in form, round at the base, and 
slightly compressed at the apex. ‘The crown is two inches and 
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three lines in length, along the outer side, and ten lines in di- 
ameter at the base. One edge is somewhat more convex than 
the other, and this is also true of one of the sides, and hence 
the tooth appears slightly curved in two directions. On either 
edge of the crown there is a sharp ridge, most prominent near 
the apex, over which it passes, but gradually disappearing be- 
fore reaching the base, resembling in this respect the teeth of 
Thoracosaurus, from which, however, this specimen differs in 
being longer, and less curved than the teeth of that genus 
usually are. The sides of the crown are covered with fine, in- 
terrupted, undulating strie, which appear to be different from 
the dental sculpture of the Crocodilia hitherto described. These 
strie are most distinct near the middle of the tooth, becoming 
much more delicate at the base, and nearly obliterated at the 
apex. 

- size and general appearance, this specimen resembles 
somewhat the teeth of Crocodilus antiquus Leidy, from the 
Miocene of Virginia, but differs from that species in being less 
tapering, and in having the ridge on the edges extend farther 
downward. It resembles still more closely the teeth of a new 
species of Crocodile discovered by the writer at Squankum, 
N. J., in the tertiary green-sand, which will soon be more 
fully described under the name Thecocampsa Squankensis 
Marsh. Both species have essentially the same proportions, 
and similar dental strie, but the cutting ridge of the New Jer- 
sey specimens is more prominent, and extends nearly or quite 
to the base of the crown, The two species were apparently 
about the same size, both being considerably larger than exist- 
ing Crocodilians. 

Other parts of the skeleton of the Brazilian species would 
perhaps show generic characters to distinguish it from the 
modern proccelian Crocodiles, but in the absence of these, it 
may for the present be placed in the same genus. Its form, 
cutting edges, and especially its peculiar strie, readily distin- 
guish it from any species with which it is liable to be confoun- 
ded, and it may appropriately be named Crocodilus Hartti, in 
honor of its discoverer, whose recent researches have thrown so 
much light on the geology of Brazil. 

Several specimens of reptilian teeth collected by Mr. Allport 
at Montserrate, a locality in the same deposit about two miles 
southwest of Plantaforma station, evidently belong to this spe- 
cies, as the illustrations accompanying his paper (Plate xv1, 
figures 1, 2, 3, and 5) clearly indicate. The explanation of the 
plate refers to the specimens as, “Teeth of Crocodile with deli- 
cately wrinkled surface,” but no further description is given. 

In the same paper Mr, Allport has given figures of several 
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Crocodilian teeth from the localities at Plantaforma and Mont- 
serrate, which are quite different from those above described, 
These are represented in Plate xv, figure 5, and Plate xvi, 
figures 4, 6, 7, and 8, and are referred to on page 268 as, “Teeth 
of Crocodile with strong continuous striz, and coarse "riblets,” 
These specimens, taken in connection with some imperfect re- 
mains in the collection made by Prof. Hartt, indicate the exist- 
ence in this deposit of a second, and smaller species of Croco- 
dile, probably allied to the modern gavials. The teeth are not 
sO large as those of Crocodilus Hartti, and are more tapering, 
and more curved. They also differ widely in the strie and 
lateral folds. These specimens may provisionally be referred 
to the genus Thoracosaurus, and, as the species is evidently 
new, it may be called 7’. Bahiensis. 

An interesting fossil, found by Prof. Hartt at Plantaforma 
station, is a fragment of a bone, evidently reptilian, but the 
exact affinities of which it is difficult to determine from this 
specimen alone. It resembles in some respects the extremity 
of an ulna, but after a careful comparison the writer is inclined 
to consider it the proximal end of a rib. It is much flattened 
at the articular extremity, and tapers gradually to the broken 
end, which is somewhat triangular in outline. Its length is 
about four inches, the transverse diameter of the perfect end 
two and a half inches, and of the other, one and a quarter 
inches. The larger extremity is divided into two articular fa- 
cets lying oblique to each other, the smaller one being elevated 
about half an inch above the other, and covering rather more 
than a third of the entire terminal surface. In form and 
general proportions this specimen is not unlike the upper end 
of aright dorsal rib of some of the amphiccelian Crocodiles, 
especially a rib in which the head and tubercle have so closely 
approached each other that their articular surfaces are nearly 
confluent. The size and other characters of the specimen, 
however, seem to exclude it from that order, and it probably 
belonged to a Dinosaurian reptile, possibly the same as a large 
vertebra from Montserrate, which Mr. Allport figured in his 
paper in Plate xv, and which Prof. Owen suggested might 
prove to be allied to Megalosa uUrUs, 

The only other specimen in this collection that need be par- 
ticularly mentioned here is a small flat bone, about two inches 
in length, with one articular extremity partially preserved. 
This appears to resemble most nearly the fibula of a Tortoise, 
and probably should be referred to that group of reptiles. The 
other vertebrate remains from Brazil obtained by Prof. Hartt 
are, in general, of less interest, but will be fully described in 
his forthcoming work. 

Yale College, April 5th, 1869. 
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Art, XLI.—WNotices of papers in Physiological Chemistry— 
No. II; by George F. Barker, M.D. 


5. On the formation of Sugar in the Liver. 
(Continued from page 270.) 


(57.) On the 19th of December, Coxin presented a memoir on 
the relation of animal glycogeny to the production and destruc- 
tion of fats.* His researches were extended to include the in- 
fluence of this function on the composition of the chyle, the 
lymph and the blood, as well as the liver-tissue. With regard 
to the latter, he concludes as follows: (1) The sugar of the 
liver, at least in part, is manifestly derived from the saccharine 
or starchy food taken by the herbivora, or from those elements 
in a mixed diet, being carried to this organ by the portal vein 
and the hepatic artery. (2) This sugar appears to be also a pro- 
duct of the transformation of the fatty matters which accumu- 
late in the hepatic cellules and in the intra-cellular spaces. (3) 
It appears in much larger proportion in fat animals than in lean 
ones ; though the quantity continues to increase only up to a 
certain limit, and even diminishes very notably in livers which 
have themselves undergone fatty degeneration. (4) In the case 
of animals who have no fatty tissues to be absorbed, the amount 
of sugar diminishes from the first moments of abstinence, and 
soon entirely disappears. (5) When the animal is fat, on the 
contrary the sugar is constantly renewed and so maintained in 
considerable amount, even when food is withheld, if only the 
normal temperature of the body be preserved. 

(58.) On the 2d of February, 1860, G. Hartey communi- 
cated to the Royal Society*- the results of some experiments 
made in connection with Dr. Sharpey at University College, 
London, to test the truth of Pavy’s views. The first step was 
to ascertain the presence of sugar in the blood under favorable 
conditions of diet. Three-fourths of an ounce of the carotid 
blood of a terrier dog, killed three hours after a diet of bread, 
milk, and boiled liver, was added to four times as much water, 
to which a few drops of acetic acid had been added, and which 
was kept boiling in a capsule; when the albumin was com- 
pletely coagulated, the liquid was filtered and tested with potas- 
sic hydrate, both with and without cupric sulphate ; the reac- 
tion for sugar was obtained. A second portion of blood after 
standing 35 minutes gave a similar result. To obtain an ani- 
mal whose condition was normal, a dog which had been running 
at large was taken for a second experiment, and to avoid the 

* C.R., xlix, 981. + Proc. Roy. Soc., x, 289. 
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possibility of any change in the blood after removal, a canula 
with a stopcock was inserted into the carotid artery of the liy- 
ing animal, and the blood as drawn was allowed to flow di- 
rectly into the boiling acidulated water. This blood on being 
treated as above, afforded sugar: as also did another specimen 
after standing 24 hours. For a third experiment, a good-sized 
dog, fed for four days solely on flesh, was given half a pound 
of boiled horse-flesh ; three hours afterward 12 ounces of blood 
were drawn from the femoral artery directly into the boiling 
mixture. This, as well as another portion of blood which had 
stood 3 hours, was found to contain sugar; and so far as the 
eye could judge, the amount in each case was equal. Previous 
experiments having shown that the sugar in arterial blood 
varied from 0 to 0:24 per cent, Harley considered it unnecessary 
to estimate it quantitatively in these experiments. The next 
question is whether glycogen is normally transformed into sugar. 
For this purpose a fourth experiment was made on a dog, fed 
on animal food solely for 14 days, and killed four hours after a 
meal of boiled horse-flesh, by section of the medulla. The 
abdomen was at once opened, one portion of the liver sliced off 
and placed in ice and salt, a second portion rinsed, macerated, 
and examined for sugar, with a positive result. After half an 
hour the frozen fragment was, without thawing, sliced directly 
into boiling water containing a few drops of acetic acid. On 
treatment, as much sugar as before, apparently, was obtained. 
A third piece of the liver, which had remained for 40 minutes 
in the abdomen, was much more strongly saccharine. Fifth, a 
dog fed for ten days on boiled tripe, was pithed 22 hours after 
eating, and in less than 20 seconds a portion of the liver was 
in the freezing mixture. A second portion was at once exam- 
ined for sugar, together with some portal and hepatic blood col- 
lected at the same time. While the portal blood contained no 
sugar, the hepatic blood, and both portions of the liver yielded 
it; nor did portal blood furnish sugar either after standing all 
night, or after being mixed with saliva ; though the amount in 
both decoctions of the liver was increased by this treatment. 
Sixth, a large and vigorous dog, after fasting 72 hours, was 
pithed, and a portion of the liver placed in ice and salt. Blood 
was collected from the portal vein, the liver where sliced, the 
right side of the heart, the aorta, and the inferior vena cava. 
Except that from the liver, none of these portions contained 
sugar. That from the right side of the heart was doubtful 
because most of the hepatic blood escaped from the cut surface, 
and also because the supply of blood to the liver was stopped 
by ligation of the portal vein. None of these specimens, more- 
over, except that from the liver, afforded any glycogen, The 
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frozen portion of the liver, examined 3 hours afterward, yielded 
sugar. The seventh experiment was quantitative ; a dog, pre- 
viously fed on meat, received a full meal of bread and milk, 
and five hours afterward was pithed. A portion of the liver 
was at once sliced off and placed in a freezing mixture. Some 
portal blood collected at the same time afforded a small amount 
of sugar, derived evidently from the food. Two hours after- 
ward a portion of the frozen liver, and a portion of that which 
had remained warm in the body of the animal, were weighed, 
and the sugar in each was determined volumetrically. The 
frozen piece of the liver contained 0°333 per cent of sugar ; the 
other portion afforded 1:55 per cent; showing a five fold in- 
crease in 2 hours. But 0°333 per cent is no inconsiderable 
quantity, since in a human liver weighing 50 ounces, it would 
amount to seventy grains of sugar. He concludes as follows : 
Ist, Sugar is a normal constituent of the blood of the general 
circulation ; 2d, Portal blood contains sugar, when the diet is 
mixed ; 3d, On an animal diet, as also when fasting, portal 
blood is devoid of sugar ; 4th, Whatever the diet, the liver of 
dogs always contains sugar ; 5th, Under favorable conditions, 
sugar exists in the liver of animals after three days fasting ; 6th, 
this sugar comes partly from the food, partly from the liver, 
when the food is mixed ; 7th, The liver of animals cn a meat 
diet, has the power of forming glycogen, which is, at least 
partly, transformed into sugar ;—it may however be transformed 
into other matters also ; 8th, Since sugar is found in the liver 
at the moment of death, it cannot be viewed as the result of 
a post-mortem change, but has an origin strictly physiological. 
(59.) In May, R. ‘McDoxnewn published* some experiments 
instituted to ascertain whether the liver converted the amyloid 
substance into sugar normally during life. For this purpose, 
he removed blood from the right side of the heart in the liv- 
ing animal, and examined it for sugar. The results were: 
(1) In twelve experiments with dogs fed on meat for some 
weeks previous, traces of sugar were found in the blood of five; 
none could be detected in the blood of the remaining seven ; 
(2.) In four rabbits, fed on boiled eggs, meat, and butter, for 
some days, no sugar was detected in “the blood drawn from the 
right side of the heart ; (3.) In three dogs, fed on mixed diet, 
and three rabbits, fed on carrots, potatoes, etc., sugar was found 
in the blood of the right side of the heart, and in equal quan- 
tity in blood from the carotid ; (4.) In three rabbits, fed on 
vegetables, sugar was found in the blood removed from the 
right side of the heart during life ; but double, and in one case 
more than treble the amount, was found in blood thus taken 


* Dublin Hosp. Gaz., May 15, 1860; Am. J. Med. Sci., II, xliii, 214, 1862. 
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after the animals were killed. Hence, McDonnell deems the 
conclusion justifiable, that the blood of animals living on veg- 
etable food is normally saccharine ; but that the liver does not 
transform its amyloid substance into sugar, and pour it out into 
the blood of the hepatic vessels. 

(60.) On the 21st of June, Pavy presented a paper supple- 
mentary to his former one, to the Royal Society.* In it he 
shows that blood collected from the right side of the heart 
after death affords an abundant indication of sugar, while if 
removed by catheterism during life it contains but a trace, 
Hence all inferences as to the ante-mortem state, drawn from 
post-mortem observations, are erroneous. He proves, moreover, 
that the heart excised instantly after killing, contains blood as 
free from sugar as during life; and demonstrates that very 
slight causes produce in the living animal, a considerable 
amount of sugar in the circulation ; simply by interfering with 
the breathing, a strongly marked diabetic state of the urine 
may be induced within an hour. To obtain, therefore, a fair 
specimen of blood, even by catheterism, the animal must re- 
main perfectly tranquil during the operation. Pavy further 
asserts that the blood found in the right side of the heart is 
not more saccharine than portal blood ; that the saccharine 
condition of the liver, which has been hitherto regarded as a 
normal one, is in fact the result of a post-mortem change 
which takes place with an astonishing rapidity ; that the true 
function of the liver is to form the glycogenic substance— 
which the author calls hepatine ;—that the real function, of 
this substance is yet an open question ; that though it may 
be transformed into sugar by any ferment, yet that normally, 
it is not so changed during life; that abnormal states of the 
circulation and probably of the blood, as well as certain con- 
ditions of the nervous system, cause the production of sugar ; 
that after section of the spinal cord just below the phrenics, 
the temperature of the body falls, and the transformation of 
hepatine becomes so slow that the true physiological process 
is at once defined ; that this fact may readily be experimen- 
tally demonstrated in the livers of animals which have natu- 
rally a low temperature, as the frog, the oyster and the mus- 
sel ; that the use of starchy and saccharine food increase the 
amount of hepatine in the liver and hence increases the size 
of this organ ; that his previous experiments on dogs are con- 
firmed by new ones made on rabbits, thus proving the conver- 
sion of sugar into hepatine ; that it is highly improbable that 
sugar is changed into hepatine merely to be changed back 
again by the same organ ; that one and a half parts of hepa- 


* Proc. Roy. Soc., x, 528. 
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tine yield in the liver after death, one part of sugar; that he- 
patine and sugar differ widely in osmotic power, a fact which 
accounts for the retention of the former in the hepatic cells ; 
that the liver becomes strongly saccharine on ligating the por- 
tal vein ; that then the blood also gives the sugar-reaction, 
and in one case it was found in the urine ; and that the in- 
troduction into the circulation of sodic carbonate prevents the 
diabetic state ordinarily induced by injury of the sympathetic 
system. 

(61.) In a paper read August 6th,* De Luca gives the re- 
sults of his examination of the liver of a person who had died 
from cerebral congestion, whose pancreas was partially atro- 
phied. He found Ist, that this liver contained saccharine mat- 
ter capable of reducing copper-tests and of fermenting with 
yeast ; 2d, that when washed free from sugar and allowed to 
stand, a new quantity was formed, thus proving the presence 
of glycogenic matter ; 3d, that when thus washed, glycogenic 
matter not capable of reducing copper tests or of fermenting, 
could be prepared from it ; and 4th, that this same whitish 
substance boiled with hydrochloric acid for a few minutes re- 
duced the tests, fermented and yielded a crystallized compound 
with sodic chlorid. DeLuca concludes therefore, that the gly- 
cogenic function of the liver was not at all modified by the 
disease of the pancreas. 

(62.) On the 5th of November, Corin presented a memoir 
to the French Academyj on the relation of the production of 
sugar to the re-absorption of fats, and also to the animal 
heat during abstinence and hibernation. The following are 
his conclusions: Ist, The re-absorption and combustion of 
fats, the production of sugar, and the maintenance of the an- 
imal heat to its ordinary degree, are phenomena intimately 
connected and mutually dependent, 2d, Abstinence cannot 
long be supported in lean animals ; it produces a very rapid 
lowering of the temperature which is coincident with the al- 
most complete disappearance of sugar in the liver, the blood, 
the lymph, and other liquids normally saccharine. 3d, With 
fat animals or those moderately so, the duration of the absti- 
nence—all the other conditions being the same—appears to 
be exactly proportional to the quantity of fatty matter held 
in reserve in the tissues ; so long as this fat exists in the ani- 
mal, its life is sustained, the sugar is renewed in the liver as 
well as in the other nutritive fluids, and the temperature of 
the body is not notably lowered. 4th, During hibernation, 
the activity of the sugar-production is proportional to the re- 
absorption of fat. 5th, Finally, in all animals deprived of 
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food, the liver experiences some remarkable changes ; it be- 
comes partially atrophied, and its cellules lose their fat, which 
is replaced by sugar. 

(63.) In May, 1861, Gorur Brsanez published a method 
for the preparation of glycogen.* His colleague Gerlach, in 
washing the liver of a child two years old by injecting water 
into the portal vein preparatory to a permanent injection, no- 
ticed that the escaping water which at first was bloody and 
dark colored, grew brighter and finally became milky, though 
it never became transparent and clear. On standing, this 
milky fluid deposited a flocculent coagulum, leaving the liquid 
above strongly opalescent. A similar result was obtained 
from the liver of an adult three to six days after death. On 
examination Gorup Besanez found the opalescence to be due 
to glycogen ; and he gives the following method for preparing 
it pure: The opalescent liquid from the liver is freed from al- 
buminates by acidulating with acetic acid, heating rapidly to 
boiling, and filtering from the coagulum ; it is then mixed 
with twice its volume of 90° alcohol ; a bulky precipitate falls 
which, after standing some hours is collected on a filter, washed 
out with alcohol, dissolved in water, heated to boiling with a 
few drops of acetic acid—which causes the separation of a 
slight granular coagulum—filtered, and mixed with twice its 
volume of alcohol as before. A snow-white flocculent precip- 
itate of glycogen is thrown down, impure only from the pres- 
ence of a little fat; freed from this by ether, and dried in 
vacuo, it forms a brilliant white powder like flour, resembling 
very strongly starch or inulin. Water dissolves it to a strongly 
opalescent liquid, not cleared by boiling. The solution is col- 
ored wine-red by iodine, but is not precipitated by glacial ace- 
tic acid, becoming rather clearer by this treatment ; thus agree- 
ing with the observations of Hensen, Scheerer, and Lochner, 
but in opposition to those of Bernard and Lehmann. The 
strong opalescence of the liquid prevented any determination 
of its rotatory power. On analysis, his assistant Klinksieck 
obtained numbers agreeing perfectly with those of Kekulé, 
viz: carbon 44:5, hydrogen 6°35, oxygen 49°12=100 ; leading 
to the formula €,H,,@,. Since Pelouze deduces the formula 
€,H,,0,, and Lochner Gorup Besanez sug- 

ests that either the method of preparation affects the result, 
or that there are several carbohydrates in the liver, and hence 
that different methods of preparation, give different products. 
At all events the differences in composition and properties are 
too great to be ascribed to errors of analysis or observation. 


* Ann. Chem. Pharm., exviii, 227. 
(To be concluded.) 
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Art. XLIT.—Weteors of November 14th, 1868; by H. A. 
Newton. (With two Plates.) 


In continuation of the account given in the January num- 
ber of this Journal (pp. 118-126), I propose to notice certain 
meteors observed at two or more places, with sufficient exact- 
ness to afford a parallax. 

The most remarkable meteor of the night appeared at 1 
16:™, New Haven mean time. It was observed at New Haven, 
Poughkeepsie, Palisades, Williamstown, Haverford, Wilkes- 
barre, and probably at Washington. The discussion of these 
observations will afford an occasion of explaining a method 
of computation of the true altitude and path from the ob- 
served tracks of a meteor. 

At New Haven.—I did not see the body itself, but the bright 
streak remaining after its disappearance was nearly vertical, 
and about 2° north of Jupiter. This distance from Jupiter 
was carefully estimated, by Mr. Harger and myself, and we 
are both confident that it is within half of a degree of the 
truth. Mr. Harger thinks the estimate is, if anything, a trifle 
too great. 

No note was made at the time, of the length of the bright 
cloud.. My impression, confirmed by that of Mr. Harger, is, 
that Jupiter lay about the middle of the persistent streak, also 
that the streak was not less than five degrees long, and proba- 
bly 2° or 3° longer than that. From the first it had an ap- 
preciable breadth. 

At 1" 15™ 40s, N. Y. time, the trail had assumed the usual 
curved form, and I drew a rough sketch of it, and of Jupiter, as 
in the figure, plate I. The upper part had apparently moved 
northward, and the lower part southward. 

At 192 minutes past one I drew the second sketch as in 
the figure. The special object I had in view was to locate its 
several parts with reference to Jupiter. 

At 30: minutes after one the cloud lay horizontally just 
above Jupiter and extending south eight degrees from the 
planet, as estimated at the time. The third sketch, plate I, 
gives its center an altitude of one degree or more above Ju- 
piter, and an extent northward four degrees from it. 

At 443 minutes past one the cloud, which was growing fainter, 
was horizontal, and extended 12° southward from Jupiter, as 
noted at the time. My fourth sketch implies that it exten- 
ded 3° or 4° north of Jupiter, and had its lower edge just 
upon the planet at this time. 

At fifty-seven minutes past one the cloud had become so 
faint and confused with the mists of the horizon, that in order 
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to confirm or correct my impression that I still saw it, I asked 
the party whether it was actually visible. Nearly if not quite 
all of them (about a dozen persons) asserted that it was still 
visible. I think that it continued in sight till the clock struck 
one, if not longer, although other objects prevented us from 
giving it special attention and recording its appearance. 

At Palisades, Fern Lodge Observatory, Rockland Co., N. Y., 
Mr. W. 8. Gilman, Jr., saw the train of the meteor, and made 
four sketches of its appearance at successive times, together 
with the following notes. 

Time of appearance, 1 12™ Is+ N, Y. mean time, Ist mag- 
nitude ; white color; duration of flight 4 sec. The meteor 
was seen by Mr, Thomas P, Gilman, who obtained a glimpse 
of it only. The glare of the meteor was very brilliant ; length 
of path 50° or 60° ; **rection perpendicular ; disappeared near 
and north of Jupiter ; explosion not witnessed. Left train of 
smoke of a greenish blue color, 

At 15 14™ 10s the train was very distinct, but stars were seen 
through it. The appearance was as in the figure, plate I. 

At 1 18™ 10s the train had become still more curved, and 
the figure represents its appearance as it was seen with the 
naked eye. The train viewed through a four inch glass, with 
power 40, appeared to move sluggishly, and to dissipate slowly. 
It was comparable for color and texture to the appearance of 
the nebula in Orion in a 12 inch glass. 

At 1 21m 30s the train is still a striking object. It- is 
represented in the figure. Very faint at 15 24™ 30s, 

At 1» 28 it has still more changed its form, as in the fourth 
sketch. 

Smoke faintly visible at 1" 34™ 30s, At 1 39™ smoky train 
very much diffused and very faint. Not watched subsequently. 

At Vassar College, Poughkeepsie, N. Y., the meteor was 
seen by Miss Colby of the Senior Class, and the following re- 
port is furnished by Miss Mitchell. 

“At 15 12™ 30s, a meteor started from the zenith, moved 
toward the west, burst south of Jupiter, like a rocket, as- 
suming a variety of colors, and disappeared, leaving a train, 
which at once began to wind, taking first the form of an irreg- 
ular s and then of a Z, then moving southward toward two 
stars of Cetus, whirled around completely, broke up into two 
pieces, the southern portion surrounding the upper star, and 
both fading in the mists of the horizon, The train was seen 
tor 44 minutes.” 

At Williamstown, Mass.—The following notes of observa- 
tions by Messrs. B. I. Gilman, W. D. Granger and F. B. Wild- 
er, are furnished by Mr. W. 8, Gilman, Jr. 


Meteors of November, 1868. 401 


“ At 15 15™ the largest meteor of the night fell near Jupiter. 
The motion was slow and we could have read very easily by its 
light. The path made an angle of 60°+ with the horizon. 
The train lasted an almost incredible time, and assumed differ- 
ent shapes.” A sketch of the path accompanied the notes. 

At Haverford, Pa., at 1» 9™ 28° a meteor passed from near 
the north star in the direction of Cassiopeia vanishing near f 
Cassiopeia. The light was exceedingly brilliant, and the train 
continued visible about 44 minutes. The train was at first 
straight, having a direction nearly parallel to the line joining 8 
and * Cassiopeiz, and about 15° in length. Almost immedi- 
ately the line commenced to spread and the form changed to that 
of an inverted g (or 2). Thenit assumed an elliptic form with 
a hollow ellipse at each of the foci, and soon afterward the 2 
form again, During this time it slowly drifted toward « An- 
dromedez, being last seen near d Andromede. Then the train 
had an elliptic form, the transverse axis being nearly parallel to 
the line joining « and @ Andromede. 

The sketch furnished by Prof. Samuel J. Gummere, who 
himself saw the meteor, though confined to the house, shows 
the position of the cloud at the time it assumed the elliptic 
form above described. 

Mr. B. V. Marsh reports that the meteor was seen by Mr. 
Dennis of Wilkesbarre, Pa., and that it appeared to pass near 
4 Orionis. 

A person in Delaware Co., N. Y., describes it as west of 
south, and about 20° high. 

Undoubtedly the meteor described by Prof. Eastman in 
“* November Meteors of 1868, U. 8S. Naval Observatory, ” p. 8, 
in the following terms, is identical with the one witnessed at 
New Haven, Palisades, &c. 

‘‘ At thirty minutes past midnight the most remarkable me- 
teor of the shower appeared near ¢ Urse Majoris, and moved 
westerly across ? Ursee Minoris. The meteor and its train were 
colored like the one already described. [At first its color was 
deep orange or red, afterward changing to green, and finally to 
light blue. The edges of the train were colored deep orange 
or red, and the center was at first green, changing to light blue. 
The colors lasted about one second.} The meteor was much 
brighter than Jupiter and moved very rapidly. 

“ After the bright colors of the train had vanished it re- 
mained perfeetly straight for about one minute when it began 
to assume slowly the form of a serpent in motion, gradually 
decreasing the distance between its extremities until it became 
apparently a mass of light-colored cloud about 7° in length 
and 4° in breadth. 
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“‘The westerly end of this condensed train at one time be- 
came divided, but after the lapse of about four minutes the 
extremities of the separated portions united, leaving a nearly 
circular aperture 30’ in diameter, 2° from the western end of 
the train. After this aperture closed up I could distinctly see 
a small star through the vapory mass. This cloud-like object 
remained visible, with slight changes in its outlines, for thirty 
minutes,” 

The latitudes and longitudes of the several places of ob- 
servation of this meteor are as follows. 

Latitude. Longitude. 
Williamstown, 42° 45’ 73° 15’ 
Poughkeesie, 41 73 53 30” 
New Haven, 41 72 5525 
Wilkesbarre, 41 75 54 
Palisades, 41 73 54 7 
Haverford, 40 75 1816 
Washington, 38 77 248 


The place of Jupiter was R. A., 0" 19™ 37°, and North Dec., 
0° 27' 23”. The relative positions of the places are represen- 
ted in a skeleton map, upon plate II. The corresponding po- 
sitions of the paths upon the heavens are presented in an ad- 
joining diagram, upon which are also exhibited the radiant, 
the pole star, and Jupiter. 

Several methods of computing the actual position of a 
track from the observed paths have been published. The most 
complete is by Bessel in the Astronomische Nachrichten, vol. 
xvi, p. 322. Others are by Brandes, Olbers, Quetelet, Secchi, 
Newcomb, &c. I have, however, found the following the most 
convenient method of treating observations. With a sixteen 
inch globe it is sufficiently accurate for any ordinary data. 

First, I rectify the celestial globe for the mean latitude of 
the places of observation, and for the mean local time of the 
appearance of the meteor. Then upon the globe I paste nar- 
row strips of paper to represent the several observed paths. 
In a similar manner are indicated the zeniths of the places, 
and those points of the celestial sphere which are at the given 
instant in the production of the several lines joining the places 
of observation. These last points will, in the case of only 
two observations, be in the horizon of the rectified globe, and 
in all cases will be very near that horizon. When the meteor 
belongs to a group having a well defined radiant, that point, 
or region, is marked in like manner. 

There are certain geometrical conditions which the observa- 
tions, if correct and complete, must now fulfil. Thus, through 
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two places of observation and any point of the meteor’s actual 
path, as the end, for example, we may passa plane. This 
plane, produced, intersects the celestial sphere in a great cir- 
cle. Upon this great circle should evidently be located the 
two observed places of extinction of the meteor, and the points 
where the line joining the places of observation cuts the 
heavens. 

If then we draw a great circle through the two points last 
named, and through either end of the track as observed at one 
place, this circle should pass through the corresponding point 
of the other observed path. Any deviation from this circle is 
due to some inaccuracy of observation. It is necessary to as- 
sume that one track is to be lengthened, or the other shortened, 
or that one or the other is to be changed in direction, or in 
position, until the two observed paths satisfy these conditions. 

Again, three or more observed paths if correct must, if pro- 
duced backward, pass through one and the same point on the 
globe, to wit, that point from which the meteor was moving. 
This point must, moreover, be above the horizon. Again, if 
some of the observations by being conformable to the usual 
radiant, show that the meteor belongs to a group witha well 
marked direction, it is often safe to assume that the unconform- 
able paths are the ones that are in error. 

By recognizing these, and other necessary geometrical con- 
ditions, we may criticise and reject observations, It will often 
be necessary to assume that one or the other observer saw only 
the latter part of a path, or has mistaken a sta” of reference, 
or has erred in recording upon the chart the direction of the 
meteor. 

I am well aware that this method of treating the observa- 
tions throws special and undesirable responsibility upon the 
computer. But in any method of observing commonly prac- 
tised, good observations have large probable errors, amount- 
ing often to several degrees. The computer must assume the 
duty of judging the observations, and be held responsible for 
its faithtul discharge. 

The computer is, moreover, now in a condition to use to ad- 
vantage any special points in the observations which he knows 
to be well determined, as the passage of the meteor near, or 
over, a particular star. Or the peculiar position of one of the 
observers may far more than counterbalance any inaccuracy in 
the location of the path. 

A chart, constructed for the purpose by means of the tables 
of the Coast Survey, upon which are plotted the locations of the 
observers, is used in measuring distances and directions when- 
ever it gives sufficient accuracy. The figure on plate II. is 
a reduction of this chart. 
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Let us apply these principles to the meteor to which the 
above observations refer. The time of appearance at New 
Haven was only approximate, and the other observations in- 
dicate 1 16™ 20s as the correct New Haven time. We saw it 
pass down nearly vertically 2° north of Jupiter. 

At Haverford it appeared, as the diagram shows, above and 
probably to the east of Polaris, and passed a little below (say 
3° or 4° below), x and # Cassiopeize. The general direction 
of its observed paths, the character and colors of the train, and 
the small number of the unconformable meteors, mark this as 
an undoubted member of the November group, and authorize 
us to assume that its direction was from the radiant in Leo, 
This assumption, and the distance above named from # and 
x Cassiopeiz, imply that the path passed 10° or 12° above 
Polaris. 

The differences of latitude and longitude of New Haven and 
Haverford are 77°95, and 142’°83. The latter number mul- 
tiplied by the cosine of the middle latitude gives the depart- 
ure, which, divided by the difference of latitude, gives the tan- 
gent of the azimuth of the line joining Haverford and New 
Haven upon the horizon of the point midway between the two 
places. The secant of this angle, multiplied by the difference 
of latitude, gives the distance in geographical miles. This, 
multiplied by 1°15, gives the distance, 153°5 statute miles, 
with a direction 8. 54° 16’ W. 

Upon the diagram in plate II, I have marked by a and 
c the points 54° 16’ from the south and north points on the 
horizon. Through a and ¢ and the point 6 of the heavens (2° 
north of Jupiter), let there pass a great circle cutting the 
Haverford track in d. If we imagine a triangle, whose angular 
points are the observers at New Haven and Haverford, and 
that point of the track which was directly opposite Jupiter, as 
seen from New Haven, and produce the sides of this triangle, 
then will the three arcs, ab, bd, and dc, severally measure the 
three angles of the triangle. We have, then, the angles and 
one side of a triangle to find the distances of this point of the 
meteor’s path from the two observers. 

The arcs of the semicircumference ac can be measured on 
the globe by a movable quadrant, or by bringing the circle 
abdc to coincide with the horizon of the globe. I have, how- 
ever, found a narrow tape line, graduated for the purpose, very 
convenient for such measuring. 

Knowing the distance of either observer from the particular 
point of the meteor’s path, we measure on the globe the zenith 
distance of the corresponding observed point, 6 or d, and hence 
readily compute the actual altitude of the meteor, at that in- 
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stant, above the earth’s surface. An allowance for the curva- 
ture of the earth is to be added to the height above the hori- 
zon of the observer. The azimuth of b, or d, when measured, 
gives the means of locating the place over which this point of 
the meteor’s path was vertical. 

The arcs, ab and bd, measured upon the globe, are about 
284° and 57°, which give the distances of the track from New 
Haven and Haverford, 182, and 87:3 miles, respectively. But, 
owing to the fact that the arc, abd, cuts the Haverford track 
at a sharp angle, we seek a closer determination of the path 
by another method. 

The position of Jupiter with reference to the track and 
cloud makes it worth while to compute its altitude and azi- 
muth from New Haven at 1 16™ 20s, and 15 44m, These are 
found to be 8. 75° 16’ W., and 8. 80° 8’ W., for the azimuth, 
and 16° 48’, and 11° 432’ for the altitudes. 

Now, the observed path should be in the are of a great cir- 
cle which passes through the radiant. By bringing the radiant 
and the point 2° N. of Jupiter to the horizon of the celestial 
globe, the zenith of New Haven will be found to be 5° above 
the horizon. Hence, the meteor passed (though then unseen) 
5° §. of our zenith. 

Again, the point in the direction 8. 77° 16’ W., 182 miles 
from New Haven on a line elevated 16° 48’, is over latitude 
40° 42’, longitude 76° 9’, and 56 miles high. The elevation 
of the center of the radiant area above the horizon of this 
point was about 20°. Hence we may carry back the meteor’s 
track with an elevation of 20° till it cuts the meridian of New 
Haven. We see, thus, that the meteor passed at an elevation 
of 120 miles and 10°5 miles south of us. 

This gives us a good determination of the vertical plane in 
which the meteor was moving, the accuracy of the determina- 
tion being due to the nearly vertical path of the meteor as 
seen at New Haven, and the easy reference of it to Jupiter. 
But the New Haven observations are not suited to the deter- 
mination of the altitude of the track in the plane. This may 
also be said of all the observations at Williamstown, Palisades, 
and Poughkeepsie. 

The distance from Haverford to this vertical plane, measured 
on the chart in the direction of Wilkesbarre, or N. 20° W., is 
554 miles. The observed altitude in the same direction is 
48°, which gives an altitude of 61 miles for the meteor at that 
point, The distance from Wilkesbarre to the plane is 354 
miles in the direction 8, 20° E. An altitude of 61 miles re- 
presents an angular altitude of 60°. The star 4 Orionis hap- 
pened to be in this same azimuth, and had an altitude of 57°. 
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This satisfies well enough the observations, for it is reasonable 
to assume that ‘near 4 Orionis” means a little above it, since, 
if the meteor had gone below that star, the reference would 
have probably been to the brighter stars of the constellation, 
We may, then, fairly conclude that the meteor passed the ver- 
tical plane through Haverford and Wilkesbarre at an altitude 
of 61 miles, This is 5 miles lower than the previous deter- 
mination, for the former path is 66 miles high at this point. 

The beginning and end of the apparent path of the meteor 
was not well observed. The middle point of the cloud, in its 
initial position, as seen at New Haven, was nearly opposite to 
Jupiter. The line to this point, and the track of the metecr, 
make an angle of 39°, which is determined by measuring upon 
the globe the distance from 20° N. of Jupiter to the radiant, 
and taking the supplement of the result. These lines meet in 
long. 76° 0’, and lat. 40° 43’, at an elevation of 54 miles, and 
at a distance from New Haven of 175 miles. 

Assuming that the apparent length was 6° at New Haven, 
we have an actual length of 175 sin 6° cosec 39°, or 29 miles, 
This represents an apparent length at Haverford of over 20°, 
instead of 15° as reported. If these were the only means of 
determining the length, the Haverford observation should be 
regarded as the best. But at Washington, the original length 


must have been appreciably more than 7°, since the train is 


said to have decreased in length to 7°. Each degree at Wash- 
ington represents 3°2 miles on the track of the meteor, A 
length of only 9° for the observed track at Washington would 
be represented by the 29 miles of the actual path. We shall 
assume, therefore, that the length of the cloud was, at first, 30 
miles, which implies that its eastern end was 59 miles, and its 
western end 49 miles high, 

At what altitude the meteor was first seen, we cannot say. 
It passed the meridian of Haverford at a height of about 68 
miles, but may have been visible before it reached that point. 
There is no reason to suppose that it passed beyond the west- 
ern end of the cloud. 

The train had an appreciable breadth at once upon the dis- 
appearance of the meteor. Probably 20’ would not be a large 
estimate for the breadth, as seen at New Haven, which implies 
a real diameter of one mile, and a volume of a dozen or a score 
of cubic miles. This volume was steadilv and rapidly increas- 
ing through the whole time that the train remained visible. 

Compare now this path with the observations at Washing- 
ton, Palisades, Poughkeepsie, and Williamstown. 

At Washington.—I have assumed that the meteor described 
by Prof. Eastman was unquestionably the same body as that ob- 
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served at New Haven and other places. An error of a half 
hour in recording the time of appearance would make the two 
coincident in time. The Washington meteor was “the most 
remarkable meteor of the shower,” its train exhibited one of 
the two remarkable apertures described by Prof. Gummere, its 
position was very near that in which the one we have described 
would have been seen, and its train endured for a like unex- 
ampled period. Such a meteor as that described by Prof. East- 
man would have certainly attgacted attention at other stations. 

Prof. Eastman says that it appeared “near e Urse Majoris, 
and moved west across § Urse Minoris.” This path to be 
conformable to the radiant in Leo needs a change of direction. 
Looking from Washington at the path determined above from 
the Haverford and New Haven observations, the path would be 
seen crossing the line joining the two stars just mentioned. 
Only so much change of the path observed is needed as is 
necessary to make it conformable to the Leo radiant. The 
assigned path satisfies reasonably the Washington observations, 

At Palisades——The path of the meteor as above deter- 
mined passes very nearly vertically over Palisades at an eleva- 
tion of 95 miles. The lower end of the cloud was 22° high 
and 5° or 6° north of Jupiter. In one of his notes Mr. Gil- 
man says that the track ended near « Piscium, an error, prob- 
ably for 41 Piscium. The assigned length of. path 50° or 60°, 
would imply a first altitude of 85, or 90 miles. This esti- 
mate, however, is not to be taken strictly. 

At Poughkeepsie.—The beginning and end of the cloud as 
before determined would be viewed from Poughkeepsie in the 
direction 8. 56° W., alt. 26°, and 8. 59° W., alt. 19°. These 
are about 18° and 15° south of Jupiter, and a little higher 
from the horizon, The track would if produced backward 
pass 25° south of the zenith of Poughkeepsie. A sketch of 
the position of the track with reference to Jupiter, sent by Miss 
Mitchell, would imply that the meteor’s path was nearer to the 
planet, than 15° or 18°. But the observations at other places 
forbid any essential diminution of this distance. 

At Williamstown.—As seen from Williamstown the direc- 
tion and altitude of the two ends of the cloud are 8. 43° W., 16°, 
and §. 46° W., 12°, which makes the path about 30° south of 
Jupiter, much farther than would be implied by the sketch of 
the track. The meteor when due south would have been (if 


visible) 45° high. No essential transfer of the track toward 
Jupiter can be made, however, without rejecting either the 
New Haven or the Haverford observations altogether. 

The position and direction of the cloud cannot therefore, I 
think, be reasonably changed from the previous determination. 
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Its central point may be regarded as 54 miles high, over N. lat. 
40° 43’, and W. lon. 76°, and its course 8. 78° W., with an 
angle of depression of 20° upon the horizon of the places be- 
neath it. The heights of its eastern and western ends were 59 
and 49 miles or 95 and 79 kilometers. 


Motion of the train of the meteor. 


The cloud left by the meteor began to coil up, and float 
away, shortly after the disappeartce of the body. The upper 
part must have moved northerly, and the lower portion south- 
erly, and the whole either westward, or downward, to satisfy the 
appearances at New Haven. The successive positions with 
respect to Jupiter show this. Jupiter moved north 10’ per 
minute, and downward 11’ per minute during the time of obser- 
vation. The motion of the lower part must have been in the 
main toward Washington, as after its first shortening the 
cloud retained its dimensions nearly constant. The motion 
was too nearly in the plain of Haverford and New Haven for 
us to entirely separate the downward and the westward motions, 
especially in the absence of determinate positions at specified 
times. But I think there was a descent of five or ten miles 
in the body of the cloud. This was certainly true of the east- 
ern or upper end, and even a greater downward motion is prob- 
able. 

The upper end was borne westward so that as seen from 
Washifigton the cloud was foreshortened. The central and 
lower parts were seen projected upon this upper part. Hence 
the bifurcation and the cavity described by Prof. Eastman. 
The elliptic form and the oval cavities seen at Haverford are 
also, in part at least, the effect of perspective. 

The southward motion of the lower end at Haverford, 80 
miles from the cloud, was 25°, and at New Haven, 175 miles 
distant, was 8° or 10° during two thirds of the period of vis- 
ibility. These imply a motion of at least 40 miles, or about a 
mile per minute. 

We must therefore assume that just below an elevation of 
about 50 miles, there was a rapid north wind, which swept the 
lower portion of this cloud with it southward. The wind may 
have come from one or two points east of north. Above this 
there was a south wind, (or 8. 8. E.,) whose velocity may have 
equalled that of the lower north wind, though it may also have 
been much less. 

By its downward motion, the eastern end of the cloud was 
carried from the upper current into the lower, and strewn along 
into the horizontal cloud, seen at New Haven, in the latter part 
of the period of visibility. 
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These three suppositions, of two currents in the air, and of 
a downward motion of the cloud, seem to be necessary to any 
explanation of the appearances of the cloud. But they do not 
entirely account for the whorls and changes of form described 
by Miss Colby and others, and so evident in Mr. Gilman’s 
sketches. 

The same were quite remarkable at New Haven also, though 
my sketches were not designed to show them. I only designed 
to show the place of the body of the cloud, relatively to Jupi- 
ter. Mr. Gilman’s sketches, which reached me but a day or 
two after the shower, seemed a remarkably accurate expression 
of my recollection of the shapes of the cloud. 

To account for these whorls and transformations, we may 
suppose between these two principal currents of air, or travers- 
ing them, various other currents, These need not necessarily 
be horizontal. But at that distance from the disturbing causes 
upon the earth’s surface, it is not probable that there are so 
many rapid and varied currents in the narrow limits of 10 
miles in vertical direction, as the various contortions of the 
cloud imply. We expect greater simplicity in the aerial move- 
ments in these upper regions of the atmosphere. 

To attribute these motions of meteor trains to previously ex- 
isting currents, implies, moreover, that complex currents ex- 
tend through the whole thickness of the stratum in which the 
cloudy trains are developed. For in all cases of a persistent 
cloud, we see the same coiling motions of the line of phospho- 
rescent matter, shortly after the flight of the meteor. Such 
a system of currents previously existing in the air is not 
probable. 

An alternative seems much more reasonable, which is to as- 
sume that the motion of the meteor produced this coiling of 
the train. As a meteor rushed through the air, it carried be- 
fore it, and with it, and dragged behind it, a mass of air of 
considerable dimensions. Thus a large mass of air, containing 
in it the cloudy line of meteor dust, was thrust down into the 
lower current, and then swept away to the southward. This 
column of air, of course, sets in motion vast eddies which can- 
not be easily reduced to system. 

If this is a true explanation, the mass of the meteor must 
* have been sufficient to set in rapid motion the air that fills 
hundreds of cubic miles of space, as well as to develop light 
and heat. What kind of matter it is which remains visible in 
the cold upper air for three-fourths of an hour, until by grad- 
ual dissipation the light faded out, I leave for others to say. 

Am. Jour. Sc1.—SEconD Series, Vou. XLVII, No. 141.—May, 1869. 
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Meteor of 11° 18", N. York time,—seen by Mr. Gilman, at 
Fern Lodge Observatory, Palisades——A very grand meteor, 
much larger than Venus, which shot nearly vertically up from 
the horizon, in Leo Minor. The nucleus was white, and it left 
a bright blue train of sparks, The figure in plate II, rep- 
resents it just previous to disappearance. Length of track 15°. 
It was not observed elsewhere. 

Meteor of 11 25", N. Y. time-—Two meteors were seen at 
Palisades. One, equal in brilliancy to Venus, white, left a 
bright blue train, visible eight minutes. The figure plate 
II represents its appearance, as seen by the naked eye, at 115 
26™ 30. It was a greyish cloud, 2° or 3° long. Ina 4 inch 
telescope, power 40, diameter of field 43’, it presented a double 
line of bluish-green luminous matter. Not observed else- 
where. 

Meteor of 1°53", N. Y. time-—A white meteor, of the 
first magnitude, was seen by Mr. Gilman, at the Palisades, to 
pass through the northern limits of Camelopardus, toward 
and beyond « and # Cassiopeiz. The length of path was 30°. 
It left a smoky train, of a greenish-white tinge. The train 
was visible about half a minute, and on turning the telescope 
upon it, Mr, Gilman saw the double line of smoke represented 
in the figure plate II. Stars as small as the eighth magnitude 
were seen through the train. Twists or whorls of clouds ap- 
peared as represented in the engraving. The general appear- 
ance of the smoky substance was very like that of the nebula 
of Orion, as seen in a large glass. The same power and field 
of view were employed as upon the previous train. 

I find no observations at other places upon this body. 

Meteor of 2" 45™, N. Y. time—Mr. Gilman, at Palisades, 
saw at this time a meteor disappear at 9 Leonis ; from the di- 
rection of 6 Leonis ; smoky train remained 8 minutes. 

At Stamford, Mr. Fuertes recorded a curved track, of dou- 
ble curvature, beginning at R. A. 150°, N. dec. 7°, and ending 
at R. A. 1494°, N. dec. 3°. He adds the notes :—Brighter 
than Venus ; very curved path ; somewhat spiral and short ; 
left a train which placed itself at right angles with the path, 
and lasted 650 seconds. 

The two paths belong to the same body, but are not quite , 
consistent. The want of conformability of the Palisades track 
may be due to the curvature of the track. There is indicated, 
however, a parallax of about 6°, which represents a vertical al- 
titude of 51 miles. The smallness of the base line and of the 
parallax, makes the result uncertain. If there were two prin- 
cipal currents in the atmosphere, one above from the South, 
and one below from the North, as seems to be proved by the 
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1" 12™ meteor, this meteor must have reached the surface, di- 
viding the two currents, and its train have been acted upon in 
the same manner as the train of the earlier meteor. 

Meteor of 2" 48", N. Y. time, at Fern Lodge Observatory, 
Palisades.—A fine meteor, half-way between Polaris and Urse 
Majoris. No description of the meteor recorded. The view of 
the train near the point of disappearance, by means of a 4 inch 
glass, a power of 40, and a field of view of 43’ in diameter, is 
given in plate II. The train was double, (as often observed 
during the evening,) and terminated in an oval cloud, at 
right angles to the direction of the meteor’s flight. 

At Stamford, Conn. (lat. 41° 2’ 45”, long. 73° 35’).—Upon 
the chart sent by Mr. E. A. Fuertes, who was assisted in his 
observations by Mr. F. G. Wheeler, is the following position 
for the track of this meteor :—Beginning, R. A. 136°, N. P. D. 
19°; end, R. A. 9°, N. P. D. 7°. The two tracks correspond 
very well with each other, though the base line is small. The 
parallax is about 14° for the end, which gives an elevation of 
52 miles for the end of the track, and 65 for the beginning, 
with a length of path of 27 miles. 

The distance from Palisades to the end of the path is 70 
miles. The field of view at that distance had a diameter of 
seven-eighths of a mile. As the course of the meteor was in- 
clined 80° to the line of vision, the lengths of the portion of the 
cloud included in the field of view was 0°89 of a mile. 

I think the double train of this and the other meteors is due 
to actual duality in the meteor itself. The same double or 
multiple character is common among the detonating and stone- 
producing meteors. 

Meteor of 3° 51™ 30°, Portland time.—Prof. Rockwood, ot 
Bowdoin College, saw a meteor of a bright green color pass in 
a direction parallel to a line joining @ and « Aurigew, and 
about 5° north of those stars. It left a bright train, 5° or 6° in 
length, which gradually curled up, and floated northward as it 
faded. 

Mr. Tuttle reports the same meteor as seen at Boston ; very 
bright between # and 7 Urse Minoris; train visible 3 minutes, 
The latitude and longitude of Brunswick, (place of observa- 
tion,) are 43° 54’ 32”, and 69° 57’ 24”; and those of Boston, 
(State House,) are 42° 21’ 28”, and 71° 3’ 30”. 

These observations give a parallax of 53° upon the base line 
of 121 miles, The altitude of the meteor when it crossed the 
line joining @ and y Urse Minoris, as seen from Boston, was 
77 miles. This was near the beginning of the path, since the 
point corresponds upon the Brunswick path to a point 4° or 5° 
toward the radiant from opposite  Aurige. The cloud must 
have been ten miles long. 
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Meteor of 5° 6™, Portland time.—This was a very bright 
green meteor, seen by Prof. Rockwood to pass directly across 
6 Leonis in the direction toward 6 Hydra. It disappeared af- 
ter having crossed about two-thirds of the distance between 
these stars. It became visible about midway between 7 and o 
Leonis. It left a long train, which assumed the serpentine 
form before it disappeared, 

Mr. Tuttle, at Boston, saw the body near 7 Urse Majoris. 
The altitude of this meteor at disappearance was about 48 
miles. Its first appearance, if Prof. Rockwood’s observation 
be taken literally, was at a height of nearly 150 miles. But 
the track was so near to the radiant, that a difference of three 
or four degrees in the apparent length, would reduce the first 
altitude below 100 miles. 

Meteor of 5° 6" 458, New Haven time.—This meteor passed 
one degree south of ? Geminorum as seen by me at New Haven. 

The central part of the train floated north, and the upper 
part south. The amount of the northward motion was three 
degrees in three minutes. At first the lower or western end 
floated south—or at least fell behind the rest, but this part ap- 
pears soon to have vanished, for in my representations of the 
shape of the train it is only presented in the earlier diagrams. 

At New York City Prof. Twining saw the same meteor, and 
by a careful reference to the stars in the neighborhood he lo- 
cates the beginning and end of the track as in R. A., 176°, N. 
dec., 47°, and R. A., 191°, N. dec., 54°. The train moved a 
little to the east of north five degrees in three minutes, and 
continued visible six minutes. 

The altitude of the beginning, and end of the visible path 
of the meteor is, from these observations, 85 and 60 miles, re- 
respectively. The motions of the train seem to indicate an 
upper current from the north, above that from the south, 
which was shown by the motions of the train of the meteor 
at 1" 12™. 

Meteor of 5° 30™ 308, Boston time.—Mr. Tuitle saw a very 
bright meteor at this instant which passed above Cor. Caroli, 
downward to a point below 7 Urse Majoris, leaving a train 
visible for seven minutes. But for daylight it might have 
been seen longer. Immediately after the meteor disappeared 
the train began to shorten and widen, and take a serpentine 
form. It finally became a cloudy mass, oblong in form, and 
drifted away northward under 7 Ursee Majoris. 

From the position of this track and the description, I feel 
sure that it is the same as the one described by a writer in 
Fairhaven, Mass., in an article signed D. (Mr. Jabez Delano), 
in the New Bedford Standard as follows. 
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At twenty-three minutes past five, a most superb meteor 
burst from the region of Ursa Major, and went toward Ursa 
Minor, leaving a bright trail. For two full minutes it re- 
mained unchanged. He then drove a stake in a direct line from 
the top of a tree, to the meteor. At this stage the trail had 
contracted in length and widened in breadth, presenting a ser- 
pentine aspect. It was a pale cloud, nearly circular, and 
larger than the full moon. It was now waning away, and 
soon became extinct, having been visible and stationary nearly 
five minutes. The two stars in Ursa Minor, known’as the 
Guards, pointed directly toward it in a 8. E. direction, about 
8° distant. In the morning he took the altitude and azimuth 
of the line from the stake to the tree, and found the direction 
of the meteor to be N. 38° 30’ E., alt. 32° 40’ 51’. The lati- 
tude and longitude of the place is 41° 38’ 6’ N. lat., and 70° 
53’ 51'’ W. long. 

One of the young ladies in Miss Mitchell’s class at Vassar 
College gives a diagram of the path of a meteor at 5" 21™ 15s, 
I think it is the same body, notwithstanding a slight discrep- 
ancy in the observed times. She places it between Arcturus 
and Corona Borealis. The reference to the stars in Ursa 
Minor shows the Fairhaven azimuth to have been the magnetic 
azimuth, The Poughkeepsie path is not drawn so as to be 
quite conformable. Changing it as little as is possible to make 
it conformable, and the three observed paths agree very well 
with necessary conditions, and indicate an altitude of about 59 
miles for the lower part of the cloud. The northward motion 
of the cloud showed that it did not penetrate through the 
upper into the lower current, which swept away southward the 
lower part of the train of the meteor at 1" 12", 


Art. XLITI.—A Proposed Arrangement for Observing the 
Corona, and Searching for intra-Mercurial Planets during 
a Total Eclipse of the Sun; by Sion Newcoms. 


Ir is a fact of universal observation that, during a total 
eclipse of the sun, tlhe dark body of the moon is surrounded by 
a brilliant crown of light, commonly likened to the “glory” 
represented by painters as surrounding the heads of saints. 
But, of the form and extent of this “corona,” nothing definite 
seems to be certainly known, It is commonly represented as 
being not uniformly luminous at equal distances from the 
center, but as radially striated, and extending out into rays in 
various directions. At least, one observer has gone so far as 
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to connect the dark and bright rays with the elevations and 
depressions on the limb of the moon. If these dark rays have 
any existence, it is difficult to account for them by any known 
cause. It is easy to see that they cannot be shadows of opaque 
masses situated anywhere in space, because the shadow of no 
object situated so near the line joining the observer and the 
sun could look long and narrow to the observer. 

Do these rays and striations really exist ? We know that 
such appearances are one of the most common optical illusions 
when we view a bright object on a dark ground. And, in the 
various descriptions of them which have come to my knowl- 
edge, I have not found a single statement that any observer 
took the precaution to turn his head in order to see whether 
these rays of millions of miles in length turned with it, Their 
existence cannot, therefore, be regarded as proven. 

The following method is proposed as one that will imme- 
diately decide the question of the existence of these rays, and 
give, at least, a rough approximation to the height of the 
corona. Erect between the eye of the observer and the sun 
a series of circular screens subtending angles varying between 
32’ and the greatest probable limit of the corona, say 38’. As 
soon as the total phase commences the observer will stand 
behind the larger screen and see whether he can make it hide 
the entire luminosity surrounding the sun, and, if not, will 
note very carefully the position of any object or luminosity 
not hidden. He will then make similar observations with the 
other screens in succession until one is found which shows the 
corona on all sides at once. 

The law of diminution of light from the inside to the out- 
side of the annulus can, perhaps, be most accurately deter- 
mined by exposing a number of equally sensitive photographic 
plates during widely different intervals, and noting the posi- 
tions of the circles of equal effect on the different plates. 

It may be remarked that the height commonly attributed to 
the corona does not seem compatible with that of an atmos- 
phere surrounding the sun in a state of equilibrium. Though 
such an atmosphere were of hydrogen, and at a temperature of 
100,000° Fahrenheit, its density would be reduced one-half in 
every 350 miles of height. Ata height of 1’ in arc, or 26,000 
miles, it would be so rare as to be altogether invisible, unless 
we suppose the temperature to be many times 100,000°. It 
seems, then, that the general atmosphere of the sun, if there is 
one, would be altogether hidden by the moon in most total 
eclipses of the sun, and that its greater brilliancy on the side 
over which the moon least projected would be very strongly 
marked, 
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The search for intra-Mercurial planets will be facilitated by 
the use of similar screens of a larger size. The following pro- 
position is laid down as one hardly admitting of doubt. If the 
great motion of the perihelion of Mercury deduced by Le 
Verrier from the observations of transits of that planet is 
caused by the attraction of matter in the solid or liquid state, 
that matter can be seen during a total eclipse if the direct 
light of the corona and protuberances is shut off from the eye. 
This is founded on the following propositions : 

The masses of matter in question cannot be more than half 
of Mercury’s distance from the sun. 

Hence, taking equal surfaces of them and of Mercury, they 
will shine with more than four times the brilliancy of that 
planet. 

If they are not smaller than the second magnitude they will 
be visible to the naked eye, properly prepared by being kept in 
previous darkness and shaded by the screen. 

If they are smaller than the second magnitude, they must 
be a hundred or more in number. Some of them will then be 
easily detected with a telescope of large field of view unless 
they are below the fifth magnitude. 

If they are below the fifth magnitude, they must number 
thousands, and they will then be visible to the naked eye as a 
continuous diffused light. 

The screen for this search should be large enough to pro- 
tect the telescope from the sun during the entire period of the 
total phase, 

It is hoped that these arrangements and observations will 
be found to merit the attention of a share of the observers 
during the total eclipse of August next. 


SCIENTIFIC INTELLIGENCE. 
I, PHYSICS AND CHEMISTRY. 


1. On the refrangibility of the brilliant yellow ray of the sun’s 
atmosphere.—The fact that the yellow ray seen in the spectrum 
of the protuberances from the sun’s photosphere does not corres- 
= with the lines D of the solar spectrum was first observed by 

ieut. Herschel, then by Mr. Lockyer, by Secchi, and finally by 
Janssen. Rayer has now determined the position of this line with 
accuracy, using a spectroscope of high dispersive power and a 
plain micrometer. Taking the distance between the two lines D 
as unity the author found for the distance of the yellow line from 
the more refrangible ray D the number 2°49, with a probable error 
of less than 0:03. Taking the wave lengths of the two lines D 
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respectively as 590°53 and 589°88, that of the yellow line is 588:27 
in millionths of a millimeter ; it corresponds to the division 1016-8 
of Kirchhoff’s scale.— Comptes Rendus, \xviii, 320, Feb. 1869. 

W. 

2. On the presence of the vapor of water in the neighborhood 
of the solar spots and on the spectral study of certain stars.—By 
observing the regions adjacent to the large solar spots with a 
spectroscope of high dispersive power, Secchi has frequently no- 
ticed a series of equidistant nebulous lines or bands in the red 
and orange near the ray 809°5 ot Kirchhoff and 864 of Kirchhoff. 
These bands differ in intensity; they appear to consist of very 
fine rays enveloped in nebulosity and are seen in the penumbras 
and in the group of small spots recently visible, but usually disap- 
pear in the sun’s full disc and are wanting in the interior of the 
large spots where the rays never have the form of the bands, 
On the 6th January the bands were seen upon the full dise of the 
sun, but were found to arise from a cirrhus in front of the tele- 
scope and disappeared with the cirrhus itself. Secchi remarked 
that under these circumstances the bands due to the neighborhood 
of the solar spots were sensibly increased in intensity. By study- 
ing the region near D with a spectroscope of nine prisms the 
author found that the yellow ray of the protuberances really ex- 
ists in the sun and may be recognized far from the border. The 
author then sought for the yellow ray in the spectra of the stars 
which most resemble the sun and found it in Aldebaran, « Orionis 
and Pollux. Sirius presents a bright region in the correspond- 
ing place. Inthe red stars of the 4th type bright yellow rays 
may be seen like threads of gold, but it is difficult to fix their po- 
sitions. Secchi concludes from his observations that the vapor of 
water exists in the solar atmosphere in the neighborhood of the 
large spots. 

The author has also examined the spectrum of Sirius to deter- 
mine whether there is any displacement of the hydrogen lines due 
to a proper movement of the star, a question already examined by 
Mr. Huggins. With a spectroscope of four prisms the ray F was 
observed to be sensibly displaced, the displacement of the center 
being sensibly equal to the breadth of the rays D’ D” of sodium 
and being toward the less refrangible side. With a spectroscope 
of two prisms the displacement of the hydrogen rays « andy 
with respect to the rays C and F of Sirius was also observed and 
in the same direction. It is now well known that the bright lines 
in the nebule are due to hydrogen and nitrogen, but as nitrogen 
presents spectra of two different orders it was interesting to de- 
termine to which of them the bright green line belongs. By di- 
rect comparison Secchi found that the line in question corresponds 
to a brilliant line in the spectrum of the second order. As the 
ean of this line requires a considerable electric force and a 

igher temperature it is evident that the matter of the nebule is 
in the more advanced state of dissociation which corresponds to 
the second spectrum.— Comptes Rendus, lxviii, 358. W. G. 
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3. Spectral observations of the star R in Gemini.—Sxccui has 
also examined the spectrum of the variable star R Gemini (R. A. 
6" 59™ 228 5 22° 54’) which star obtained its maximum brightness 
with a magnitude of 6°5 in February last. The spectrum of this 
star exhibits a brilliant hydrogen ray (which of the four known 
to belong to hydrogen is not mentioned). It also presents other 
luminous bands of which the principal correspond to dark bands 
in the spectrum of a Orionis intermediate between 4 and D. 
From this it appears that the spectrum of this star is analogous 
to that of the variable star in Corona Borealis which appeared in 
1866.— Comptes Rendus, \xviii, 361. W. G. 

4. On absorption lines produced by the passage of the solar 
light through chlorine-—MorrENn has found that by employing a 
spectroscope of five prisms of highly dispersive flint glass, ab- 
sorption lines are distinctly visible in the spectrum of light which 
has traversed a tube filled with chlorine two meters in length. 
The lines begin to be visible in the part of the spectrum near 6, 
They vary in intensity, fineness and mode of grouping and ex- 
hibit some slight free spaces. They have no regular order and ex- 
tend beyond the ray F toward the ray 2110 of Kirchhoff’s scale. 
In this last portion they are very numerous and almost equidis- 
tant. The solar spectrum proper continues visible as far as 2210, 
but after that the light is completely absorbed, Chlorine there- 
fore absorbs the colored portion of the spectrum where the chem- 
ical rays are most abundant.— Comptes Rendus, lxviii, 376. 

W. G. 

5. On hydrogen in its relations to palladium.—Graunam has 
shown that palladium absorbs 800 or 900 times its own volume 
of hydrogen, its density being sensibly diminished. When a 
wire of palladium is charged with hydrogen by being made the 
negative pole of a battery, it increases in length and volume. By 
measuring this increase and determining the volume and weight 
of hydrogen absorbed, Graham found for the constituent of the 
alloy, palladium 95°32, hydrogen 4°68, and for the density of the 
hydrogen compressed by occlusion in the metal numbers varying 
from 1°708 to 2°055, the mean of the numbers accepted being 
1:951. The author considers the hydrogen under these circum- 
stances to be in the metallic state and calls it hydrogenium, The 
tenacity and electric conductibility of palladium are both dimin- 
ished by the absorption of hydrogen, the former in the ratio of 
100 to 81°29; the latter in the ratio of 8°10 to 5°99; on the other 
hand the paramagnetic character of the metal is decidedly in- 
creased by its association with hydrogen which must be classed 
among the magnetic elements with iron, nickel, cobalt, chromium 
and manganese. Ata high temperature hydrogen passes with 
considerable facility through palladium, The greatest rate of 
passage observed was four liters of gas per minute through a 
plate of palladium one millimeter in thickness and one square 
meter of surface, the temperature being a little below the melt- 
ing point of gold, From the above it appears that hydrogenium 
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is a solid white metal of density about 2, magnetic, conducting 
electricity and uniting with palladium in "the proportion of one 
atom to one atom. The alloy possesses the properties of gaseous 
hydrogen intensified. It reduces mercury and calomel from 
mercuric chlorid and possesses in general a considerable degree of 
power.— Comptes Rendus, Ixviii, 101. W. 
Production of an artificial spect: rum with a sing gle Fraun- 
hofor 8 line.—When the discharges of a Holtz machine aided bya 
Leyden jar of about one foot of internal coated surface and short 
striking distance are made to pass through a Geissler tube placed 
in front of the slit of a spectroscope, the spectrum of the gas in 
the tube is first seen. Wiillner finds that if the striking distance 
be slightly increased the sodium line makes its appearance, and 
with an appropriate striking distance is so bright as to far exceed 
in intensity the lines of the gas-spectrum. When the striking 
distance is again slightly increased the bright lines of the calcium 
spectrum make their appearance with a beauty and sharpness 
which can scarcely be attained in any other way. By again in- 
creasing the striking distance the line of light in the tube becomes 
extremely brilliant and then exhibits a bright continuous spec- 
trum in which, however, the sodium line appears perfectly dark. 
The explanation of this phenomenon is found in the fact that fine 
splinters of glass are torn from the inner side of the tube. These 
become intensely ignited and their light gives the continuous 
spectrum. The ignition of these particles ‘takes place in an at- 
mosphere of the vapor of sodium from the glass so that the same 
current produces the ignited core and the absorbing atmosphere. 
As the calcium lines are not seen inverted it is probable that the 
density of the calcium atmosphere is not sufficient to produce in- 
version.— Pogg. Ann., cxxxv, 174. W. G. 
7. On the analysis of different varieties of carbon. —BERTHELOT 
has communicated to the Academy of Sciences a very elaborate 
and detailed memoir on the different varieties of carbon, showing 
that the number of modifications of this element is much greater 
than had hitherto been supposed and, as seems to us at least, full of 
interest. The author in the first place recalls the three recognized 
varieties under the heads of diamond, amorphous carbons derived 
from organic matter, and graphites, natural and artificial. The 
method of study employ ed was based upon Brodie’s method of 
oxydizing graphites by means of nitric acid and potassic chlorate. 
By these reagents diamond is not sensibly oxydized; the differ- 
ent varieties of amorphous carbon are changed into humus like 
substances of a yellowish brown color soluble in water and vary- 
ing according to the variety of carbon analyzed, while the graph- 
ites are converted into graphitic oxyds which differ with the nature 
of the graphites which furnish them. Berthelot gives the name 
pyrographitic oxyds to the black powders which remain when the 
graphitic oxyds are heated. They also contain oxygen and hydro- 
gen as well as carbon. Native plumbago, or as Berthelot terms it, 
plumbagine, already examined by Brodie, yields a graphitic oxyd 
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in pale yellow micaceous scales insoluble in all reagents. Dried 
even at ordinary temperatures it agglomerates to brown amorphous 
tenacious plates in which the primitive structure has disappeared. 
This character is essential and invariably reappears after all the 
transformations of the oxyd. Iodhydric acid at 280° C. converts 
graphitic oxyd into a new substance which Berthelot calls hydro- 
graphitic oxyd, containing more hydrogen than its primitive, but 
brown, amorphous and insoluble in all solvents. The new oxyd is 
not decomposed with deflagration and intumescence by heat. 
With potassic chlorate and nitric acid it yields graphitic oxyd with 
all its original properties. Pyrographitic oxyd from plumbagine 
is a black, light flaky powder which according to Brodie has 
the formula €,,H,@,. Nitric acid and potassic chlorate dissolve 
it almost wholly like the amorphous carbons, but a small quantity 
of graphitic oxyd is always regenerated. 

The graphitic oxyd from graphite of cast-iron presents greenish 
yellow scales better developed than those from plumbagine and not 
agglomerating during desiccation. This character which is con- 
stant readily distinguishes the oxyd from that obtained from 

lumbagine. The hydrographitic oxyd from this graphitic oxyd 
intumesces when submitted to heat, giving off a considerable 
quantity of iodine. By oxydation it reproduces graphitic oxyd 
which does not agglutinate by drying. The corresponding pyro- 
graphitic oxyd dissolves in a mixture of nitric acid and potassic 
chlorate in a much more complete manner than that from plumba- 
gine. Some scales of the original graphitic oxyd are however 
always formed with their distinctive properties. 

Graphitic oxyd from electric graphite—carbon points from a 
large battery—is a maroon colored powder which does not ag- 
glomerate during desiccation. This character is also constant. 
The hydrographitic oxyd does not intumesce when heated, and 
when oxydized reproduces the original oxyd. This form of gra- 
phitic oxyd is also decomposed by heat with deflagration but 
yields a heavy powder which is not flaky. By oxydation the 
pyrographitic oxyd disappears almost wholly, leaving some grains 
of graphitic oxyd with its original properties. 

All the pyrographitic oxyds when treated with iodhydric acid in 
solution at 280° C. yield hydrogen containing about 6 per cent of 
marsh gas, leaving however a considerable quantity of a black 
carbonaceous residue. The author compares the graphites, amor- 
phous carbons and their derivatives with the hydrates of carbon 
and ulmic matters, and believes that the varieties of amorphous 
carbon represent polymeric states of the true carbon which 1s not 
yet known in the free or uncondensed form. In studying the 
different varieties of carbon, Berthelot has arrived at the following 
results in addition to those related above. Coke recently calcined is 
entirely dissolved, giving a soluble compound of an intense color. 
Metallic carbon, deposited from hydrocarbon vapors heated in a por- 
celain tube, is dissolved with very great difficulty but completely. 
The same is true for gas-retort carbon and some substances called 
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artificial graphites. Anthracite, animal charcoal and the carbon- 
aceous matter from the Orgueil meteorite were also completely 
oxydized, but lamp-black left a trace of graphitic oxyd. The in- 
tense heat produced by combustion in oxygen converts a small 
portion of gas-retort carbon into graphite. Berthelot suggests that 
it is in this manner that natural graphite has been formed, the 
amorphous carbon, being more oxydizable at a low temperature, 
having been gradually dissolved. "This view derives some support 
from the presence of a trace of graphite in lamp black. Electri- 
city also converts amorphous carbon into graphite, the carbon 
carried over to the negative pole being found to contain a consid- 
erable quantity of the latter, while the positive pole contained 
only a trace. The actual transference of the carbon is not how- 
ever necessary for the formation of graphite; carbon from sugar 
softened by the heat from a battery of 600 pairs being found to 
contain graphite in large proportion. Carbon separated from 
hydrocarbons by the agency of heat does not contain a trace of 
graphite, while that which is separated by heat from the sulphid 
or chlorid of carbon or by chlorine from boron contains a consider- 
able quantity.— Comptes Rendus, \xviii, pp. 183, 259, 331, 392, 
445, W. G. 

8. On the direct synthesis of Cyanhydric acid.—BErtHELot 
finds that when a stream of sparks from an inductorium is passed 
for some time through a mixture of acetylene and nitrogen the 
two gases unite in equal volumes without condensation and form 
eyanhydric acid, To prevent the partial decomposition of the 
acetylene it is well to add to the mixture a quantity of hydrogen 
equal to about ten times the volume of the acetylene. “The re- 
action is expressed by the equation 

€,H,+N,=2€NH. 
The reaction in this case begins rapidly but soon slackens. A 
definite volume of acetylene — may be made to disappear com- 
pletely by putting a drop of a solution of potash into the vessel 
before passing the stream of sparks, The cyanhydric acid is 
then absorbed as fast as formed, and about five sixths of the 
acetylene is converted into cyanhydric acid, the other sixth being 
decomposed into carbonic acid and oxyd by the vapor of w ater 
present. The effect of cyanhydric acid in preventing the action in 
this case is due to the fact that a mixture of cyanhydric acid and 
hydrogen gives under the influence of the stream of sparks acety- 
lene, or a reaction the inverse of that first described. Having ob- 
served that all hydrocarbons are decomposed by the spark with 
formation of acetylene, Berthelot inferred that nitrogen would give 
cyanhydric acid with the v vapor of any hydrocarbon, and this was 
fully verified by experiment. In the presence of potash two or 
three minutes’ passage of the spark suffices to give the reaction due 
to the formation of Prussian blue.— Comptes Rendus, \xvii, 1141. 
W. 

9, On the Ammonium-amalgam. —Lanpo.t has made a series 
of experiments to ascertain the composition of the ammonium- 
amalgam. It was prepared from a solution of ammonic chlorid by 
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electrolysis in the ordinary way, the negative electrode being con- 
nected with mercury contained in a porous cup filled with the 
ammoniacal liquid, while the positive electrode dipped into mer- 
cury in an outer glass vessel, also filled with the solution of chlo- 
rid of ammonium. When the current from 6 to 10 Grove’s cells 
was employed, the positive electrode became covered with a layer 
of calomel, while the mercury in contact with the negative electrode 
slowly increased in bulk, evolving no gas until the point of satura- 
tion was reached. Landolt first determined the ratio of the ammo- 
nia gas evolved to the hydrogen, by placing the amalgam in dilute 
hydrochloric acid of known strength, and measuring the hydrogen 
evolved. The ammonia was then calculated from the quantity of 
the acid which it saturated. To free the amalgam from the ammo- 
nia contained in the solution, it was washed with water; but as the 
decomposition continued and only the hydrogen escaped, it was 
evident that the ammonia thus retained must give too high a result. 
The first experiment gave 1; 2°15 as the ratio between the hydro- 
gen and the ammonia by volume. The second,—in which the 
amalgam was less quickly placed in the acid,—gave the ratio 1: 2°4. 
These results, which entirely confirm those of Davy, establish, as 
Landolt believes, the conclusion that the compound NH, is taken 
up as a whole by the mercury. This is proved by the above ratio, 
because, were the gases separately absorbed, they would be set free 
again in very different proportions. In the second place, Landolt 
attempted a determination of the amount of the ammonium thus 
combined with the mercury. The amalgam was placed in a stan- 
dard dilute hydrochloric acid as before ; the ammonium was calcu- 
lated from the quantity of acid neutralized and the mercury was 
determined by collecting and weighing it. The results varied from 
‘054 to ‘090 per cent of NH,, owing to the rapid decomposition 
which took place. Evidently the maximum result is nearest the 
truth; and if 100 parts of mercury take up 0°09 parts of NH,, the 
amalgam in decomposing should yield for each volume of mercury 
152 volumes ammonia and 7°6 volumes hydrogen; numbers which 
hold good for the compound prepared at ordinary temperatures, 
On the metallic nature of ammonium, too, Landolt made some ex- 
periments. Starting with the well known fact that potassium or 
sodium-amalgam will throw down most metals from solutions of 
their salts, he argues that the ammonium-amalgam, if analogous, 
should do the same. Freshly prepared ammonium-amalgam was 
placed in the metallic solution, the separated mercury was washed 
with water, dissolved in nitric acid and examined for the metal 
whose solution had been used. The result with cupric sulphate, 
argentic nitrate, and ferric chlorid solutions was entirely negative, 
though at least 100 grams of the amalgam was employed. While 
therefore NH, combines as such with the mercury, its metallic 
character is doubtful; further researches only can decide its nature. 
—Ann. Chem. Pharm., Suppl. Bd. vi, Heft 3, p. 346, Dec. 1868. 
G. F. 
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10. Ona new method for preparing Carbonylic Sulphid.—La- 
DENBURG has communicated to the Chemical Society of Berlin a 
new method for the preparation of carbonylic sulphid gas. From 
theoretical considerations he was led to search for a body contain- 
ing the group ©€05, thinking the atoms might be differently ar- 
ranged from that in Than’s compound. He finds that Kekulé’s 
thiacetic acid, in which this grouping of atoms occurs, is decom- 
posed by electrolysis, by heat, or by the action of bromine. The 
first is the most certain in its results, but it requires a large quan- 
tity of material, The action of bromine he had not yet fully 
studied. The action of heat on thiacetic acid had already been 
studied by Kekulé and Ulrich, up to 180° C., and they observed 
the production of H,S. Ladenburg employs a temperature of 
300° ; the gas evolved is a mixture of carbonylic sulphid with hy- 
dric sulphid, the latter constituting about # of the whole volume, 
After the absorption of these a small quantity of a combustible gas 
remained, which was not accurately analyzed. In the tube a black 
coaly mass is left which shows that the decomposition is one not 
to be expressed by a chemical equation.—Ber. d. deutsch. Chem. 
Ges. zu Berlin, ii, 58, Feb. 1869. G. F. B. 

11. On Carbonylic Sulphid—BxEnvER has studied the deport- 
ment of carbonylic sulphid with alcoholic solution of potassic 
hydrate, This gas, prepared according to the method of Than,* 
and purified by passing through a U tube filled with unvulcanized 
caoutchouc and immersed in a freezing mixture of pounded ice and 
hydrochloric acid—was conducted into a cooled concentrated solu- 
tion of potassic hydrate in alcohol. It was completely absorbed 
and after a time the fluid solidified to a crystalline mass. The 
crystals were placed on a filter, dried with blotting paper and re- 
crystallized from alcohol. White needle-shaped crystals were 
obtained which closely resembled potassic xanthate and afforded 
on analysis the formula €,H,KSO,. This salt is easily soluble in 
alcohol and water—though not deliquescent—and insoluble in 
ether. At 170°C. it decomposes into carbonylic sulphid, ethylic 
sulphid, and potassic carbonate, according to the equation: 

~, lo 
(C,H, KS@,) =COS+ 

In aqueous solution the decomposition is as follows: 

4608, 
The same salt apparently, was obtained by Debus by decompo- 
sing ethylic sulphocarbonate with alcoholic potash, thus: 
and by Chancel by passing carbonic gas into an alcoholic solution 
of potassium mercaptid. Its possible rational constitution may be 
represented in three ways, thus: 
S€.H, 


60< 


SK 
* This Journal, II, xlv, 251, March, 1868. 
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Its formation from carbonic dioxyd and potassium mercaptid, as 
well as from carbonylic sulphid; its decomposition also, both by 
heat and in watery solution, prove that it contains the radical €6. 
But while its decomposition into ethylic sulphid by the action of 
heat would seem to indicate that the sulphur was united with the 
ethyl, its yielding potassic sulphid when heated in aqueous solution 
suggests that the sulphur and potassium are united. Both reac- 
tions render it improbable that the sulphur is held to the car- 
bon by both its units of attraction. Between the two formulas 


oH, and coc future researches must decide.— 


Ann. Ch. Pharm., ex\viii, 187, Nov. 1868. G. F. B. 

12. On carbonylic chlorid, and anew compound of this sub- 
stance with platinum.—ScntTzENBERGER, in attempting the direct 
synthesis of carbonylic chlorid by passing a mixture of dry car- 
bonous oxyd and chlorine gases over heated platinum sponge, 
noticed that beside the phosgene gas thus formed, there was pro- 
duced a large quantity of a solid platinum compound which was 
deposited in the cooler portions of the tube, forming either a fused 
yellowish-brown ring—which crystallized on solidifying—near the 
heated part, or being carried on and deposited all along the tube 
as a clear yellow flocculent powder, which soon obstructs the tube. 
Heated to 150°, this powder melts, yielding a reddish-yellow 
liquid, which again solidifies on cooling to a reddish-yellow crys- 
talline mass. By varying the conditions a second product was ob- 
tained which melted at 130°. The former substance on being 
heated nearly to redness, is decomposed into metallic platinum 
and a mixture of carbonylic chlorid and carbonous oxyd gases, 
though a portion is at the same time sublimed and is deposited 
again as a dark yellow liquid which solidifies to a nearly colorless 
crystalline mass. Exposed to moist air it is blackened in a few 
minutes. Water decomposes it with effervescence, evolving car- 
bonic dioxyd and carbonous oxyd gases, precipitating finely di- 
vided platinum, and holding hydrochloric acid in solution. The 
crude product yielded on analysis from 61°57 to 62°3 per cent Pt 
22°7 to 23°8 Cl, and 5°22 €; and after crystallizing it from solu- 
tion in carbonic tetrachlorid—dried over sodium—it gave 63°5 to 
63°7 per cent Pt, 22°9 to 23°4 per cent Cl, 4°55 to 5°3 per cent €, 
being nearly identical with the former. This analysis yields the 
formula (€0),Pt,Cl,, and not ©€OPtCl, which Schiitzenberger 
had at first proposed. Its chemical constitution is very easily and 
naturally obtained; two atoms of quadrivalent platinum are uni- 
ted by three links of bivalent carbony] into a closed chain, having 
four free bonds, which are saturated by chlorine. It is hence a 
di-platino-carbonylic tetrachlorid, while €@PtCl, would be pla- 
tino-carbonylic dichlorid. Possibly on heating the former com- 
pound it may evolve €6 and yield the latter, thus :— 


,Pt, Cl,=(COPtCl, ).4-C8. 
Schiitzenberger gives also the following syntheses of phosgene ; 
(1.) By heating an excess of carbonic tetrachlorid with zincic oxyd 
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to 200° in a sealed tube for several hours, €Cl,+ ZnO0=€0Cl,+ 
ZnCl,. The product, however, is mostly destroyed td the action 
of the zincic oxyd thus: €0Cl 

(2.) By passing a mixture of carbonic tetrachlorid vapor and 
carbonous oxyd gas over pumice heated to about 400°. 

(3.) By similarly treating a mixture of iceeaie tetrachlorid va- 
por and carbonic dioxyd. 

(4.) By acting on carbonic disulphid with hypochlorous oxyd: 

€5, 

Bull. Soc. Ch., Tl, x, 188, Sept. 1868. FB 

13. On the relation between of hy- 
drocarbons.—The saturated whose constitution is 
known with more or less certainty, ScHoRLEMMER divides into four 
groups. The members of each group show a very regular differ- 
ence of boiling-point. (1) The first group comprises hydrocarbons 
in which the carbon atoms form a simple chain; i. e., those in which 
no carbon atom is united to more than'two others. Beside the first 
three members of the series, di-ethyl, hexylic hydrid from suberic 
acid, and heptylic hydrid from azelaic acid also belong in this 
group, since their boiling-points are higher than those of their iso- 
mers ; it being a fact that compounds whose carbon atoms are thus 
arranged, boil at a higher temperature than isomeric bodies in 
which any of the carbon atoms are united to more than two others, 
Moreover, the formation of these bodies also places them in this 
group; the acids from which they are derived being produced by 
the splitting up of compounds richer in carbon ; and as the hydro- 

carbons come from these acids in the same way they must possess a 

simple constitution. The difference of boiling point between the 
members of this group is 31°C. The hexylic “hy drid from suberic 
acid, that from petroleum, and that from mannite appear identical. 
(2) The next group includes those which may be viewed as derived 
from propylic (tritylic) hydrid by annexing a simple chain to the 
middle carbon atom. To this group belong trimethylformene, 
some hydrocarbons derived from the butylic and amylic alcohols 
produced in fermentation, and octylic hydrid from capry ‘ylic (octylic) 


alcohol. The difference of boiling point here also is 31° C., amylic 


hydrid 2 boiling at 30°, ethyl-butyl at 


7 
2°, ethyl-amyl eu” at t 91°, and octylic hydrid € sH, 
at 124°, (3) The third group contains the isopropyl grouping 
twice, instead of once; i. e., there are two atoms of carbon in it, 
each of which is united to three others, The difference of boiling 
oint in this group is 25°C, It includes di-isopropyl €H (€H,)2 
P nudes | ©H (OH, 
€H (€H,). 
boiling at 58°, di-butyl-amyl-isopropyl { €,H, boiling at 
€H (€H,). 
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€H (€H,), 
109°, (the second member being wanting) amy]-butyl { €,H, 
€H (€H,), 
€H(€H,), 
at 132°, and di-amyl 4 €,H, at 158°. (4) The fourth group 
(CH), 


includes hydrocarbons in which one carbon atom is united with 
four others. Thus far only one member of this group is known, 
the carbo-dimethyl-diethyl of Friedel and Ladenburg €(CH,), 
(€,H,)2, which boils from 86° to 87° C.* 

From this classification it is easy to see that in the marsh-gas, as 
in the benzol series of hydrocarbons, conclusions as to the constitu- 
tion of the bodies may be drawn from their boiling points.—Ann. 
Ch, Pharm., exlvii, 214, Aug. 1868. G. F. B. 

14. On a new source of octylic aleohol.—Strva has examined in 
the laboratory of Professor Wurtz, a sample of fixed oil, derived, 
like castor and croton oil, from the family of the euphorbiacee, 
the plant yielding it having been described by Adanson about the 
middle of the last century under the name Curcas purgans. This 
plant exists in great abundance in certain parts of Africa, and es- 
pecially in the Cape deVerd islands; and from the fruit, conside- 
rable quantities of the fixed oil are obtained, the physiological pro- 
perties of which are analogous to those of castor oil, though it is 
more active. The similar origin and analogous properties of this 
and castor oil suggested its distillation with an alkali, as had been 


* These groups may be more clearly shown by a graphic representation. Tak- 
H 


ing propylic (tritylic) hydrid as a representative of the first H-O-H, the second 
! 
H-C-H 
HH 
-H 
may be represented by alu trimethyl-formene, the third by 1 | ik 
H| H 
H-U-0-b-H 
H-C-H 
H-¢-H 
H | H 


di-isopropyl, and the fourth by carbo-dimethyl-diethyl. In 
H 
H-C-H 


H-6-H 
‘ it 
the first the middle carbon atom is united to two others, in the second the upper 
carbon atom is connected with three others, in the third both the main carbon 
atoms are so united, and in the fourth all four bonds of the middle carbon atom 
are saturated by carbon.—G. F. B. 
Am. Jour. Scr.- -SECOND Series, Vout. XLVII, No. 141.—May, 1869, 
28 


5 
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done with the latter by Bouis. The sample of oil—obtained from 
the Portuguese commissioner at the Paris Exposition—was small, 
but on saponification and distillation it yielded a complex. liquid, 
which was inflammable and possessed an agreeably aromatic odor. 
On fractional distillation, the portion passing between 178° and 
180° was a colorless, slightly oleaginous, aromatic liquid, whose 
analysis gave numbers corr esponding to octylic alcohol. It is in- 
soluble in water, easily soluble in alcohol and ether, and is turned 
yellow by light. No attempt was made to determine its constitu- 
tion by oxydizing it. The “purgueira” oil—by which name the 
oil is known in the Portuguese colonies—contains 6°1 per cent of 
nitrogen, which is evolv ed as ammonia on distillation. — os 
Ch., II, xi, 41, Jan. 1869. G. 

15. Tritylic ’(propylic) alcohol produced by 
doubt existing in the minds of chemists as to the actual production 
of tritylic alcohol in the ordinary alcoholic fermentation of beet 
root, Isapore Pierre and Pucuor have prepared in this w ay 
nearly a dekaliter of this substance remarkably pure. The alcohol 
itself has a density of 0°820 and it boils at 98° C. Propylic iodid 
obtained from it has a density of 1784 and boils at 104°5°. The 
acetate boils between 104° and 105°.—Bull. Soc. Ch., II, xi, 48, 
Jan. 1869. G. F. B. 

16. On the reduction of acetic oxyd to ethylic alecohol—Liyne- 
MANN has succeeded in effecting this reduction by acting upon 
acetic oxyd (anhydrid) with finely pulverized sodium-amalgam. 
An energetic action takes place, evolving if moisture be present, an 
odor of aldehyd; on adding water and. continuing the action, the 
aldehyd odor, w hich at first becomes str onger, disappears entirely 
and in the liquid i is found acetate of sodium and ethylic alcohol. 
The reduction takes place as follows ;— 


€,H,98 H,9 €,H,98 HS}? 
0) 
—Ann. Ch. exlviii, 249, Nov. 1868. G. F. 


17. On the alcohol obtained by the saponification of castor oil. 
The question whether heptylic or octylic alcohol is produced by 
the saponification of castor oil, has been re-investigated by Scnor- 
LEMMER. The product was obtained in the usual w ay by distill- 
ing the oil with an excess of potassic hydrate. The distillation 
was effected as rapidly as possible in a thin flask of copper. The 
distillate was rectified from fused potash so long as any action 
took place.* The mass of the distillate boiled between 160° and 
178°, the boiling point being constant for a considerable time at 
170°. It contained no methyl- -enanthyl or other ketone, sodic 
bisulphite being without action upon it. Upon treating it with 
phosphorus and iodine, the alcohol was converted into iodid, and 

* Beside the alcohol itself, compounds having higher and lower boiling points 
were also obtained. The latter consisted of various unsaturated hydrocarbons, 
principally octylene, boiling at 125° C. 
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the fluid was separated by fractional distillation into hydrocarbons 
boiling below 160°, and into octylic iodid whose boiling point 
was 210° to 215°. No heptylic alcohol was present in the above 
mentioned liquid therefore, which consisted entirely of octylic 
alcohol mixed with hydrocarbons. To ascertain the character of 
this alcohol, it was oxydized with sulphuric acid and potassic di- 
chromate. After the action ceased, the fluid was distilled and the 
distillate neutralized with sodic carbonate. An oily layer floated 
on the surface, which was neutral in its reaction, possessed the 
characteristic odor of methyl-cnanthyl, and united readily with 
sodic bisulphite to form a crystallized compound, This substance, 
pressed between folds of paper and dried, yielded, when distilled 
with sodic hydrate, the pure ketone, boiling between 170° and 
172°. By continuing the action of the oxydizing agent the me- 
thyl-enanthyl was converted into a mixture of sodic caproate and 
sodic acetate. The above facts prove conclusively the truth of the 
opinion expressed by Kolbe that the alcohol obtained from castor 
oil is a secondary alcohol, since it yields a ketone on oxydation, 
which ketone by further oxydation, falls apart into caproic and 
acetic acids, Its constitution is represented by the formula 

€,H,. 

€HOH; it is methyl-hexyl] iso-octylic alcohol. The constitution 

€H 
of the radical hexyi ©,H,,, is next discussed by Schorlemmer. 
The caproic acid prepared from fats is identical with that prepared 
synthetically from amylic cyanid, and both correspond precisely 
with that obtained above by the oxydation of the iso-octylic alco- 
hol. And as, according to Erlenmeyer, the carbon atoms in amyl 


€€ 


have the following arrangement, it follows that this grouping 


must exist in caproic acid and in the secondary alcohol from which 
it was obtained. ‘To establish this point, Schorlemmer prepared 
from the alcohol the hydrocarbon €,H,,, by converting it into 
the iodid, and reducing this with zinc turnings. From its boiling- 
point which was 124°C., he shows that its constitution must be 
CH(CH,),. Hence, the iso-octyl alcohol from castor oil has the 


formula €H,€H, 


€HeH 


€H, 


—Ann. Ch. Pharm., cxlvii, 222, Aug. 1868. G. F. B, 


en 
€H, 
€H, 
€H, 
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18, On Sulpho-carbamid.—REYNO Ds has succeeded in isolating 
the sulphur compound corresponding to urea, by heating ammo- 
nic sulphocyanate to 170° C, in an oil bath for two hours. On so- 
lution in water and crystallization, orthorhombic prisms were ob- 
tained which were not deliquescent, were very soluble in alcohol 
and water, sparingly so in ether, and which yielded on analysis the 
formula of sulphur-urea, (CS)H,N,; its derivatives establish its 
rational constitution.—J. Ch. Soe., Dec. 1868, G. F. 


II, GEOLOGY, 


1. Ona Mineral Phosphate from the island of Redonda, W.I. 
by Uruam SHEpArRD.—This substance has lately 
brought to my notice by receiving through Messrs. Willis and 
Chisolm of this city, a few pounds of it, sent them by Mr. Crich- 
ton of Baltimore, the proprietor of the island. 

Its mineralogical characters, equally with its chemical composi- 
tion, place it strongly in contrast with the pyroclasite or stone- 
guanos of the West Indies and of South Carolina, to which it 
was supposed to be related; and on the ground of these differ- 
ences, | have thought it worthy of notice. 

Mineralogical description.—Massive, amorphous, minutely vesic- 
ular, or sub-amygdaloidal; resembling allophane or an earthy opal. 


The cavities (not always present) are not much above the size of 


mustard seeds. They are nearly spherical, and have a white 
opaque lining, in consequence of which they contrast with the 
translucent compact mass of the stone, and appear to be foreign 
oolitic bodies, imbedded therein. Translucent (like flint or horn- 
stone) to opaque, color grayish or yellowish white,—rarely milk- 
white in spots. H. 3:5-4, sp. gr. 1°90-2°07. Fracture even, sub-con- 
choidal to earthy, brittle, luster dull. The white and earthy + va- 
riety adheres strongly to the tongue, like certain altered chalced- 
onies ; but emits no argillaceous odor on being wetted. 

Chemical description.—Before the blow pipe, turns white at 
first, and then becomes rusty, without melting. The flame be- 
comes yellow, even after the mass is moistened with sulphuric 
acid, though faint green tints are occasionally visible. With so- 
lution of cobalt, the heated mass becomes deep blue. 

It contains no carbonic acid and only traces of sulphuric acid 
and chlorine. Its solution is easily effected in the strong acids; 
and the solutions are turbid with flocculent silica. Ammonia 
throws down a copious precipitate of the phosphates of alumina 
and iron, and the clear supernatant liquid gives additional strong 
precipitates with either the chlorid of calcium or chlorid of ba- 
rium; in the former case, of the phosphate of lime, and the latter, 
of the phosphate of baryta,—showing the mineral to be unusually 
rich in phosphoric acid. 

On analysis the following results were obtained: 
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Phosphoric acid, - = = = 48°20 
Peroxyd of iron, - 14°40 
Alumina, - - - - - - 16°60 
Water, - - - 24°00 
Silica, - - - 1°60 
Lime, - - - - - - - 0°57 
S, Na, Cl, Mg, - - - traces 

100°37 


I detect in the mineral in a few, instances, by the aid of the mi- 
croscope, minute plumbago-like scales or lenticular crystals, which 
do not appear to be plumbago, or even specular iron, 

As the phosphate is represented as existing in quantity, it sug- 
gests a valuable source of phosphoric acid or even of phosphorus 
itself. How it can be utilized in agriculture does not appear so 
obvious. 

Charleston, South Carolina, Feb. 13th, 1869. 

2. Final Report on the Geology of New Jersey; by Guo. H. 
Coox, State Geologist. Published by the Board of Managers, 
Newark, 1868.—This volume forms a handsome octavo of 900 
pages, with 108 photographic engravings and wood-cuts, and six 
mine maps. It is accompanied by a portfolio containing four 
large colored maps in seven sheets, illustrative of the extent of 
the Azoic, Paleozoic, Triassic, Cretaceous and Tertiary and recent 
formations in the State, forming a complete geological map drawn 
to a scale of half an inch to the mile. Also four other maps in 
five sheets showing, (1) the group of iron mines in Morris County, 
printed in two sheets colored and drawn to a scale of three inches 
to the mile, (2) the Kingwood lron Mine, (3) the Oxford Furnace 
Iron ore veins, and (4) the Sussex County Zinc Mines, the last 
three drawn to a scale of 8 inches to the mile. This volume is 
the final report of Prof. Cook of the survey authorized by the 
State in 1864. It also embodies in it much of the material con- 
tained in the annual reports of the survey of Dr. Kitchell made in 
1854-6, but interrupted in 1857, by failure of appropriation from 
the State. A brief sketch of the general geography of the State 
forms the introduction, followed by some 300 pages devoted to the 
detailed and historic’ geology, while more than one half the book 
is devoted to economic geology. 

Confining our observations exclusively in this notice to the 
“economic” part of the work, we are pleased to see a recognition 
of the well established fact that soil analyses are of but little 
benefit to farmers, although a few analyses are very properly given 
to show the general nature of the soils of the State. A chapter 
on limestones and lime gives many valuable facts and analyses, 
and this is followed by a discussion of the chemical characters 
and remarkable fertilizing properties of the greensand marl, which 
of late years has assumed great commercial importance as a fer- 
tilizer, no less than 134,000 tons of this material having been 
transported on the New Jersey railroads during the past year. 

Not only “green” sand but “white” sand is very extensively 
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“‘ pitted” in New Jersey, nearly 20,000 tons of the latter being 
annually produced for glass making, and consumed by some forty 
glass houses in the southern part of the state. 

The clays of New Jersey are also of great economic impor- 
tance; the fire clay of Perth Amboy, South Amboy, Woodstock, 
and other places in Middlesex County, is shipped to all parts of 
the Eastern and Middle States, and thousands of tons of it are an- 
nually made into fire-brick. 

We are glad to see so large a space devoted to the considera- 
tion of the Iron ores and the desgription of the iron mines; this 
chapter together with the admirable detailed map of the Morris 
County, Kingwood and Oxford Iron Mines, forms an exceedingly 
interesting feature of the book. Prof. Cook gives the product of 
the iron mines of the state as 300,000 tons in 1867, while in the 
furnaces 36,919 tons of anthracite pig-iron, 9,000 tons of charcoal 
pig-iron, and 5,980 tons of bar iron from bloomeries and forges 
were produced the same year. Of zinc-ore, Sussex County pro- 
duces 25,000 tons per annum, which is manufactured into white 
oxyd and spelter, yielding 7,000 tons of oxyd, and 500 tons of me- 
tallic zinc. Prof. Cook estimates the total amount of zinc-oxyd 
produced yearly in the United States to be 10,000 tons and spel- 
ter 2,300 tons. Our space permits us to touch on but a few impor- 
tant points. The book is made accessible to almost every one, as 
it is fyrnished to those who desire to purchase it at the mere cost 
of paper and printing, all the expense of preparation and illustra- 
tion being defrayed by the state. 

We add here only that the scientific value of the volume is much 
increased by an Appendix, containing Catalogues of the Inverte- 
brata of the Cretaceous and Eocene formations of New Jersey, by 
T. A. Conrad; of the Extinct Mammals and Reptiles, by Prof. E. 
D. Cope; of the Minerals, by Rev. E. Seymour; and of the living 
Vertebrata of the State, by Dr. C. C. Abbott. 


III, ZOOLOGY. 


1. Are Unios sensitive to light? by Isaac Lxa. (In a letter to 
the Editors of this Journal.)—In the March No. of this Journal, 
page 286, Mr. C. A. White heads an article with “ Are Unios sensi- 
tive to light?” He then gives some experiments which he institu- 
ted on the subject, and he seems to be under the impression that his 
observations were entirely new. 

If your readers will turn to the Proceedings of the Acad. Nat- 
ural Sciences of Philad., for 1857, they will find a communication 
from me where the subject of touch, hearing and sight in the Uni- 
onidce was pretty fully stated, It will be found in my paper that 
I experimented on various species of the family and pointed out 
some which gave no indication as to sensitiveness to light, while 
others were particularly sensitive, especially the Unio radiatus 
Lam. I there stated that the viswul organs were placed on the 
fringes of the siphonal opening. That “with a good lens the 
terminal point of the tentacula may be observed to be rounded 
and furnished with at least the appearance of an eye and that it 
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would prove to be a true eye, however imperfect, there can be 
little doubt.” lLalso stated that I left the subject to Dr. Leidy, 
believing that “he would be able to make out the complete 
anatomy of the eye of the Unio.” 

It was mentioned also in this paper that the females were more 
sensitive to light than the males. 

Subsequently in the introduction to my vol. 6 “Observations on 
the Genus Unio,” &c., I mentioned the subject again, and stated 
that I had found that the Unio rubiginosus Lea, U. Cylindricus 
Say, and An, imbecillis Say, were all sensitive to light. 

On referring to my notes made since the above mentioned pub- 
lication, I find that during the years 1858, 59, 60, I found the 
following species “ very sensitive to light,” viz., Unio subrotundus 
Lea, U. pyramidatus Lea, U. obscurus Lea, U. pustulosus Lea, 
U. 4sopus Green. The further investigation of the subject is 
well worthy the attention of malacologists who are so situated as 
have all the conveniences of exploration, investigation and time. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE, 


1. On the use of sodium in explosive powders.—Dr. H. Fieck 
of Dresden has made an extended series of experiments on the 
use of sodium as an ingredient of various explosive and inflamma- 
ble mixtures, mainly with the purpose of replacing phosphorus in 
the match manufacture. In his earlier attempts he simply added 
sodium to ordinary gunpowder; but it united with the sulphur 
and thus destroyed its efficacy. The sulphur was then omitted 
from the compound, which was formed of 8} grams saltpeter, 2 
grams sodium, and 1 gram charcoal (mixture A); it was a gray 
mass which flashed like gunpowder on being touched with a moist- 
ened glass rod. On filling a tube with gunpowder, placing a lit- 
tle of this powder on the top, and throwing the whole into water, 
an instantaneous explosion took place. This mixture, however, 
burned too rapidly to ignite sulphured wood; the charcoal was 
therefore replaced by antimonous sulphid and a mixture made of 
66 grams saltpeter, 36°5 antimonous sulphid, and 5 grams sodium 
(mixture B). This is preferable to the former one because it con- 
tains less sodium, the reaction being : 


The next point was the preservation of the sodium. This Fleck 
has succeeded in doing by means of paraffine, under which the so- 
dium is melted, and then very finely divided by violently shaking 
the flask for five or ten minutes. A granular powder of a silvery lus- 
ter is thus obtained, which when removed from the still liquid par- 
affine, does not tarnish, being perfectly protected by a thin coat- 
ing of this hydrocarbon which it retains, and which increases its 
weight from 30 to 35 per cent. 6°6 grams of this sodium are sub- 
stituted for the 5 grams of ordinary sodium in the above mixture B. 
To remove all traces of moisture from the other ingredients, they 
are well dried and then moistened with petroleum; the sodium is 
now added and the whole is well mixed together in a metallic 
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mortar, until it becomes a uniform powder ; it is then preserved in 
well closed vessels, As thus made, A is in the highest degree 
inflammable, communicating the combustion readily to the mixture 
B on a piece of sulphured wood. For the purposes of the match 

manufacture, these mixtures are made into a paste with caoutchouc 
dissolved in ‘naphtha to a gelatinous mass, which then may be read- 
ily incorporated with the powder, without i injuring the inflamma- 
bility of the latter. 

Experiments were then made on the preparation of a suitable 
match box, one which should act when opened. A brass box, 
whose cover was made to fly open with a spring, was filled in its 
lower part with moistened asbestus; in the upper portion, two 
compartments were arranged, separated by a spring slide. The 
upper one contained the sponts uneously inflammable pellets. On 
opening the box the slide is automatically opened and one of these 
pellets falls through the opening into the second compartment, 
and thence through a second opening on to the moist asbestus, 
where it is at once inflamed. The pellets are composed first, of a 
doughy mass of chalk and the caoutchouc paste; this is then 
dipped in a mixture of 3 parts potassic chlorate and one part 
golden sulphid of antimony, also made pasty with the caoutchouc 
solution; while still moist they are shaken with the pulverized 
mixture B, and placed in the upper part of the match-box, which 
holds about 100, each being about 2 mm. in diameter. All who 
have seen this match-box in use have been surprised at the ease 
and certainty of its action; and were it possible to make the slide 
air-tight, it must come into general use. 

Another purpose for which this mixture has been used is the 
preparation of primers, which are ignited when pierced by a moist 
needle, whose point carries an eye in which the water is lodged. 
It has also been employed with success in the manufacture of pull- 
ing torpedoes. And the inventor suggests its applicability for 
firing the charges in blasting, either under or above water. For 
this purpose the powder is contained in a glass tube whose mouth 
is closed with melted sodic hyposulphite. Onimmersing the tube 
in the vessel containing the gunpowder, and placing the whole in 
water, the explosion follows so soon as the hyposulphite is dis- 
solved. Ten milligrams of the powder is sufficient to ensure the 
ignition of the heaviest charges.—Dingler’s Polyt. Journal, exe, 
306, Nov. 1868, G. F. B. 

2. Decrease in the Production of Gold.—Buaxz in his late “Re- 
port on the Precious Metals,” has the following remarks on the 
probable future decline in the production of gold, which are worthy 
of notice (p. 233); as also those on placer and vein mining and the 
probable rise in value of gold, to be quoted hereafter. 

“The statistics of the production of gold in California, Australia 
and other countries show very clearly the familiar fact that in all 
newly discovered gold regions a maximum production is soon at- 
tained and is succeeded by a gradual but certain decrease owing 
o the exhaustion of the placer deposits. Thus, in California 
the maximum product was attained in the year 1853, when the 
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shipments were about $55,000,000, and the production was doubt- 
less from $60,000,000 to $65,000,000 in value. It is now much less 
than half of that amount. In Australia, in the same year, (1853,) 
the reported shipments from Victoria amounted to 3,150,020 troy 
ounces, and the production was nearly $60,000,000 in value.* In 
1867, the shipments were only 1,433,687 ounces, much less than 
half as much as in 1853. The apparently nearly uniform produc- 
tion of California for the past ten years, judging from the ship- 
ments of treasure from the port of San Francisco, is the result of 
the opening of other gold and silver producing regions in Nevada, 
Idaho, Oregon, and Arizona, which, so far as their production de- 
pends upon placers, are in their turn liable to rapid exhaustion. In 
British America and in Idaho and Montana the production of gold 
is now rapidly diminishing. 

“ Russia is the only country in which a nearly uniform produc- 
tion has been maintained through a series of years. This may per- 
haps be explained by the fact that the mines have not been free to 
all, and consequently comparatively few persons have been engaged 
in developing them. The climate, also, is unfavorable to rapid and 
continuous working, and the method ot washing placer gravel by 
machinery in use there is necessarily slow and gives limited re- 
sults, which cannot compare with those obtained by the gigantic 
system of sluicing practiced in California, and Australia. There 
has also been in Russia a constant extension eastward of the gold 
region by new discoveries, extending even to the Pacific coast, and 
there is doubtless an immense area of virgin ground from which 
the gold supply of Russia may be for a long time maintained at 
the present figures, or, possibly, greatly increased, especially if all 
restrictions upon mining are removed, and the country is thrown 
open to the skilled miners of other regions. This Siberian gold 
field, with the great mountain region south of it, extending into 
China and India, is the only extended region now known in regard 
to which there is any uncertainty in respect to its probable future 
yield of gold. 

“The existence of very ancient workings in the Altai is signifi- 
cant, and leads us to question whether this great interior region 
has not already yielded up its most accessible treasures.” 

3. Dana’s System of Mineralogy.—The first thousand of Dana’s 
Mineralogy having been disposed of by the publishers, a new issue 
has recently been made, with some corrections, of which the fol- 
lowing are the most important : 

Page xxii, 25th line from foot, 3 for 3; p. 60, 211. from foot, 7-671 for 6-671; 
p- 77, 6 1. trom foot, 7:43 for 47-3; p. 150, in fig. 148, 53 for 52; p. 252, in line of 
297, MErIonITE, in 2nd formula, 7; for}; p.259, 8th 1. from foot, 3°97, 3°87 for 2°97, 
2°87; p. 262, 141. from top, Levy, Jahrb. Min. 1830, 71; 161. from foot, iv, 513 
for iv, 147; p. 290, in fig. 272, 13r for 131; p. 309, in fig. 285, 4 for 2, 2 for 4 below: 
and for I; p. 320, under fig. 291, ¢i for 1; p.327, in fig. 292, below O, 2 and 3 re- 
moved to right of } and 1; p. 366, in fig. 333, 7-2 transferred to next plane to the 
right; p. 383, in fig. 362, 73 for the lower 72; p. 409, 141. from top, Ueberroth for 
Ueberroble; p. 448, 31. from foot, $Hs for $H2; p. 480, 31. from foot, 1840 for 1837; 
p. 495, 191. from top, 1841 for the first 1843; p. 530, in fig. 441, 3, 1, 2 substituted 


* Calculated at $19 per ounce. 
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for 9’, e, e’’, andin both 441 and 442, 22 for12; p. 551, after Bindheimite, Sb, Pb, 
for 5, P,H; p. 593, 51. from foot, +} aq added to end of 2nd formula; p. 721, 
131. from foot, XLYORETINITE GROUP for RETINITE GROUP; p. 812, 806 
added after Cumengite. 

Osiruary.—J. Nickirs.—Through a letter from Mr. Achilles 
Delesse, dated Paris, April 7th, we have intelligence of the death 
of our correspondent, Mr. Nicklés, Professor in the University at 
Nancy. - Prof. Nicklés died after a short illness, from a severe cold 
aggravated by breathing an atmosphere containing some hydro- 
fluoric acid. He had been experimenting for some time upon cer- 
tain fluorids. 

Wim Mircuett, a well known mathematician and astrono- 
mer, died of general debility at the Vassar College, near Pough- 
keepsie, on the 2nd of April, aged seventy-six years. He lived in 
the Observatory with his daughter, Miss Maria Mitchell, the as- 
tronomer. William Mitchell was a member of the Society of 
Friends, and in all relations of life a most esteemed man. 


V. MISCELLANEOUS BIBLIOGRAPHY. 


1. Handy Book of Meteorology; by ALEXANDER Bucuay, M.A., 
Secretary of the Scottish Meteorological Society. Second edition, 
12mo, pp. 371. Edinburgh, 1868. (William Blackwood.)—This is, 
as its title declares, a very handy manual of meteorology, carefully 
prepared by a well known Scotch Meteorologist, and brought 
down to the times by a painstaking digest of the recent literature 
of the subject. It has been a prominent object with the author 
to present his subject in such a manner “as to engage on its behalf 
a wide spread interest in the general mind.” The work is beauti- 
fully printed and illustrated by isobarometric and isothermal charts 
printed in colors in an extremely satisfactory manner. He has 
availed himself of the results of American investigators with fair- 
ness and good judgment for the most part. The work is on sale 
by Chas. Scribner & Co., 654 Broadway, New York. 

2. Annual of Scientific Discovery, &e., for 1869. Edited by 
SamuEL A.M., M.D., &c. 12mo, pp. 377. Boston, 
1869. (Gould & Lincoln.)—This old acquaintance is always an 
agreeable reminder of its predecessors of former years, as well as 
of numerous discoveries, facts and principles in various depart- 
ments with which we are, as fellow laborers in the great field, more 
or less familiar, but which it is always pleasant to find marshalled 
in an orderly and compact manner, under their appropriate heads. 
Every such review of the year must of necessity be imperfect and 
unequal as an exposition of all that has been done, but even a 
cursory glance at Dr. Kneeland’s Annual will show any fair-minded 
reader the vast variety of topics which now engage the attention 
of scientists and the painstaking care with which the editor has 
endeavored to present the most important results. The notes by 
the editor forming an introduction to the volume give an inter- 
esting summary of the progress of science for 1868, 

A portrait (a better likeness than such efforts usually) of Prof. 
Jamzs D, Dana is a pleasant frontispiece to the volume. 
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8. First Principles of Chemical Philosophy ; by J. P. Cooxx, 
Jr. Cambridge, 1868. 12mo.—This important manual of instruc- 
tion can hardly be said to be published in the ordinary sense of 
that term. It has been prepared especially to present the philos- 
ophy of chemistry in such a form that it can be made with profit 
the subject of college recitations, and to furnish the teacher with 
the means of testing the student’s faithfulness and ability. To 
Prof. Cooke more than to any American, is due the credit of hav- 
ing made chemistry an exact and disciplinary study in our colleges. 
The present work has grown out of his “ Problems,” prepared 
several years since to elucidate his methods, and is designed to in- 
culcate these methods by the use of the unitary system of chemical 
notation and philosophy. It is a logical analysis and deduction of 
the subject which will command the careful attention of chemists 
whose duties require them to instruct in this difficult department. 

4. Outlines of Physiology, Human and Comparative; by Joun 
Marsnatt, F.R.S., with additions by the American Editor, F. G. 
Smith, M.D, 1042 pages. 8vo. Philadelphia. (Henry C. Lea.) 
1868.—This work treats of physiology as connected with anatomy, 
chemistry and physics, on which its principles so largely depend. 
It brings the reader to the level of the most recent investigations. 
It is a work of vast labor evincing, in many respects, the utmost 
ability and research, So far as the subject matter of the work is 
concerned this book is probably unsurpassed, and perhaps not 
equalled by any treatise on physiology in the English language. 

This is more than we can say for the artistic and mechanical ex- 
ecution of the work. It is surprising that with a text of such ex- 
cellence the publishers contented themselves with a series of illus- 
trations inferior to those in some other works of much less merit. 
It is to be hoped that in the next edition they will give attention 
to arranging the material in conspicuous paragraphs with appro- 
priate headings, and also introduce illustrations in keeping with 
the style of modern art, and more recent investigations. 

5. The Ornithological Collection of John Cassin.—It will be 
seen by the advertisement that the very valuable collection of 
birds belonging to the late lamented ornithologist, John Cassin, is 
now offered for sale. This collection includes the types of many 
new species described by him, as well as numerous very rare and 
beautiful forms, seldom offered for sale, and would be a very im- 
portant addition to any museum. We learn through Dr. George 
Smith that Mr. Cassin’s birth-place was incorrectly given in our last 
number. He was born in Upper Providence township, Delaware 
county, Pa., September 6th, 1813. 

6. Catalogue of the Orthoptera of North America, described 
previous to 1867; by 8S. H. ScuppEr. Smithsonian Miscellaneous 
Collections, 1868,—This work, although intended only as a compi- 
lation, cannot fail to be of great value to working entomologists. 
Every name under which species have been described is entered, 
with full references to the works in which it occurs and the local- 
ity from which it was stated to have come, but no attempt has 
been made to give the actual synonymy. It is accompanied by a 
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full list of authorities, and at the end is a tabular arrangement 
of the genera and families, which appears to us more natural _ 
the systems usually adopted. 

7. Memoirs of the Peabody Academy of Science, Vol. I, No. 
1, royal 8vo. Press of the Essex Institute, Salem, Mass.—This 
new serial makes its appearance in a style that will compare favor- 
ably with the publications of any other scientific institution, 
whether foreign or American. The typography is beautiful and 
the paper of excellent quality. The size is well adapted for the 
purpose. The part now issued contains a very complete mono- 
graphic revision of the Large, Stylated, Fossorial Crickets, by S. 
H. Scudder, illustrated by an excellent plate, giving details of the 
wings and fore legs of most of the species. This group, including 
the species usually designated as Mole-Crickets, the author divides 
into two genera, Gryllotalpa and Scapteriscus. The latter in- 
cludes eight species, of which four are new; the former fifteen 
species, two of which are new. Nearly all the known species 
have been carefully redescribed, with full tables of measurements 
localities. v. 

Bulletin of the Essex Institute, Vol. 1, Nos. 1 and 2. Salem, 
Ph 8vo. Jan. and Feb., 1869. —This new ata serial is 
intended to replace, in part, the “Proceedings of the Essex Insti- 
tute,” which will be discontinued at the end of Vol. VI. It will 
contain the reports of the meetings of the Society, lists of dona- 
tions to the museum and library, ete., together with the shorter 
and less technical communications, in both the historical and sci- 
entific departments. It is furnished at the very low price of one 
dollar per annum. v. 

Facts and Arguments for Darwin. By Fritz Miiller. With Additions by the 
Author. Translated from the German by W. S. Dallas, F.L.S. 144 pp. octavo. 
London, 1869. 

Mewmorrs Bost. Soc. Nat. Hist. Vol. I, Part 4.—p. 473, Weapons and Military 
Character of the Race of the Mounds; C. Whittlesey.—p. 482, Distortion of Peb- 
bles in Conglomerates; G. L. Vose.—p. 488, Notes on Birds observed in Western 
Iowa, in July, Aug. and Sept.; alsoon Birds observed in Northern Illinois, in May 
and June, and at Richmond, Wayne Co., Indiana, between June 3d and 10th; J. A. 
Allen.—p. 527, Notes on Hesperomannia, anew genus of Hawaiian Composite ; 
W. T. Brigham. —p. 529, Notes on Alsinidendron, Platydesma, and Brighamia, 
new Genera of Hawaiian Plants; with an Analysis of the Hawaiian Flora; H. 
Mann.—p. 542, Geographical Distribution of the Native Birds of the Department 
of Vera Cruz, with a List of the Migratory Species; F. Swmichrast.—p. 564, Erup- 
tion of the Hawaiian Volcanoes, 1868; W. 7. Brigham.—p. 588, Physical Geology 
of Eastern Ohio; C. Whittlesey.—p. 599, Index to the Vol. 
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Packard, Jr.—p.157, Fresh Water Polyzoa occurring in Maine; A. Hyatt.—p. 163, 
New Localities of Minerals in Maine; N. 7: True.—p. 165, Mineralogy among the 
Aborigines of Maine; WV. 7. True.—p. 168, On the Motion of Glaciers; J. DeLaski. 
—p. 179, Decades of Maine Fungi, [and II; ¥. C. Cooke.—p. 185, Clio borealis on 
the coast of Maine; W. Wood.—p 194, Portland Soe. Nat. Hist. from 1866 to 1869. 
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